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INTRODUCTION 
The Problem 
Current economic and social trends Indicate two obvious trends 
affecting the utilization of forest resources (Dawson and Pitcher, 1970; 
Hair, 1967). First, the demand for products of the pulp and paper in­
dustry will increase. Second, social and political availability of raw 
material from natural forests to the pulp and paper industry will de­
crease. The problem, then, is to find sources of raw material other 
than the natural forests. Presently, several alternatives are being 
practiced or explored: 1) intensified management on natural lands set 
aside for pulp production (southern pine, etc.); 2) use of agricultural 
by-products or annual crops (bagasse, kenaf); 3) recycling (This cannot, 
however, be the final answer with a biodegradable material. It probably 
should be viewed as a modifier of demand for products, rather than a 
source of raw material.); 4) intensive culture of woody species in an 
agronomic mode solely for fiber production. 
Alternatives 1 and 4 particularly demand the attention of tree 
physiologists. Intensive management implies close control over the crop 
being managed. Close control. In turn, deaiands the ability to predict 
the outcome of changes in the genetic make up and cultural environment 
of the crop. 
Applied research workers developing systems for intensive culture 
of woody species have requested four categories of fundamental informa­
tion: 1) effect of plant shape on photosynthesis and dry weight 
production; 2) effect of environmental factors on development, photo­
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synthesis and dry weight production; 3) relationship of physiological 
and biochemical variables to plant development and assessment of their 
usefulness in selection of genotypes showing rapid juvenile growth; 
4) effects of species and stage of development on the biochemistry of 
juvenile wood formation. 
Rapid selection methods based on physiological and biochemical 
measurements have been suggested as a possible means to reduce the need 
for long and expensive field trials in tree improvement work. When 
intensive silvicultural systems are considered, the need for rapid 
selection methods is even more pressing because of the wide variety of 
materials available for field testing. Within the genus Populus alone, 
thousands of named varieties and clones confront the silviculttnrist. 
Obviously, field growth trials of even a major fraction of the plant 
material available in this one genus are impractical. 
Any physiological selection scheme devised probably will include 
at least several physiological criteria. If the objective of rapid 
selection is to quickly expose the inherent growth potential of a given 
genotype, two classes of physiological information hold exceptional 
promise as indicators. These are variables associated with carbon and 
nitrogen fixation and assimilation and variables associated with the 
hormonal regulation of growth. The first group of variables, including 
rates of CO2 exchange and fixation and release as measures of 
photosynthetic and respiratory activity as well as CO^ compensation 
concentration, have been investigated rather extensively (Gordon and 
Gatherum, 1969; Dickmann and Gjerstad, 1973), and show some promise as 
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indicators of growth potential. The second class of variables, the 
subject of a large portion of the literature of plant physiology, has, 
strangely enough, been little investigated as a source of information 
on growth potential. The reasons for this include: 1) the difficulty 
of measuring vivo concentrations of plant hormones accurately; 
2) uncertainty about the active form and the specific mode of action of 
nearly all plant hormones; 3) sampling problems related to when and in 
what plant part hormonal information should be gathered to best predict 
growth potential. 
Some of these difficulties can be circumvented if enzymes active 
in hormone metabolism and growth regulation are measured, rather than 
the concentrations of the hormones themselves. Measuring enzyme 
properties has the additional advantage of moving the focus of selection 
one step further toward the genome itself. This is so because of the 
relationship : 
Genes- ' >enzymes • ^form and function 
From the thousands of enzymes found in woody plants, it was 
necessary to select one or a few enzyme systems with a high probability 
of showing a good correlation with growth rate. Past work has shown 
that peroxidase (E.G. 1.11.1.7, donor: oxidoreductase) is 
involved in growth regulation in higher plants (Galston and Davies, 1969) 
and that peroxidase levels, at least in some plants under some condi­
tions, are related to genetic growth potential (McCune, 1960). 
Galston and Davies (1969) suggested that peroxidase could be 
"growth active" in at least three ways: 1) production and inactivation 
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of auxin; 2) conversion of coniferyl alcohol to lignin; 3) oxidation of 
NADH and NADPE. 
In addition, it has been shown that in dwarf com, tomato and pea, 
peroxidase activity was greater than in normal varieties, suggesting 
an inverse relationship between peroxidase activity and Inherent growth 
potential (McCune, 1960; Evans and Alldridge, 1965; Siegel and Galston, 
1967). Further, when dwarfs were treated with gibberelin in sufficient 
concentration to cause a resumption of normal growth, peroxidase 
activities were observed to drop precipitously, indicating that perox­
idase was related to growth through hormonal metabolism. However, 
several lines of evidence indicate that the relationship of peroxidase 
activity to growth potential is more complex than a simple "more 
peroxidase, less growth potential" system. 
Molecular heterogeneity of the peroxidase enzyme has been reported 
in numerous studies (e.g., Jermyn, 1952; McCune, 1960; Klapper and 
Hackett, 1965; Shannon et al., 1966; Siegel and Galston, 1967). The 
number and quantity of isoenzymes of peroxidase varies within a plant 
depending on stage of development, organ or tissue sampled, and the 
external environment to which the plant was subjected (Steward, et al., 
1965; Siegel and Galston, 1967; Barber and Steward, 1968; Mills and 
Crowden, 1968; Weston, 1969; McCown, et al., 1969; Chen, et al., 1970; 
Ramaiah, et al., 1970; Gordon, 1971). Peroxidase activity of Acer 
pseudoplatanus cells grown in suspension cultures was highest for the 
oldest cells (Simola and Sopanen, 1970). The development of peroxidase 
activity is at first inhibited and later promoted by lAA in cultured 
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Pelargonium pith, exhibiting a dual effect of lAA (Lavee and Galston, 
1968b). 
The existence of a unique enzyme or combination of enzymes capable 
of degradation of IÂÂ has been questioned in the literature (Hare, 1964). 
This view has been supported by the fact that horseradish peroxidase 
2+ in the presence of certain cofactors , phenols) catalyzes the 
reaction without addition of (Fox, et al., 1965; Hiiman and Frost, 
1961). A thorough study of the products of the vitro oxidation of 
lAA, catalyzed by horseradish peroxidase, in the absence of added 
-4 
HgOg, has shown that at substrate concentrations of 2 x 10 H IAA and 
below, 3-methyleneoxindole is the end product and oxlndole-3-carblnol 
is its precursor. The oxidation of IAÂ is concentration dependent and 
at higher concentrations a neutral indole appeared to be the principal 
product (Hinman and Lang, 1965). Thus, it has been established that 
peroxidase or a peroxidase-based enzyme system oxidizes IAÂ. Some 
controversy concerning the active form of lAA. exists, but over the years 
evidence has accumulated that indicates the major substance responsible 
for auxin activity is indole-3-acetlc acid. The destruction of lAA 
within the plant has been attributed to peroxidase or a peroxidase-based 
enzyme system generally known as IÂA oxidase (Tang and Bonner, 1947; 
Goldacre, et al., 1953; Kenten, 1955; Hillman and Galston, 1956; 
Waygood, et al.. 1956; Morgan and Hall, 1963). A more recent concept 
maintains that the primary products of the oxidation of lAA stimulate 
growth in plants (Meudt, 1967; Meudt and Stecker, 1972). 
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lAA oxidase is an adaptive enzyme; various auxins induced the 
formation of lAA oxidase in pea plants (Galston and Dalberg, 1954). The 
auxin-induced increase in peroxidase activity has been attributed to the 
formation of a specific isoperoxidase (Lavee and Galston, 1968a; Meudt 
and Strecker, 1972). 
Peroxidase ^  vitro mediates the formation of lignin or lignin-like 
substance from coniferyl alcohol or from eugenol (Siegel, 1956; Higuchi, 
1957). Recently, it has been demonstrated that peroxidase is the only 
enzyme that polymerizes p-coumaryl alcohol to lignin in trees (Harkin 
and Obst, 1973). 
Peroxidase vitro mediates the oxidation of oxalate, oxalacetate 
(Kenten and Mann, 1953) NADH and NADPH (Âzakava and Conn, 1958; Galston 
and Davies, 1969). Thus, peroxidase may be involved in plant respira­
tion. 
Evidence of differences in secondary substrate specificity among 
the four major peroxidases of Isoenzymes of Alaska pea has been 
presented. It was suggested that two major functional groups of 
peroxidase were present in pea; one associated with vascular development, 
and one associated with photosynthetic processes (Macnicol, 1966). 
Indirect evidence in support of a similar system in cottonwood has also 
been presented (Gordon, 1971). 
Histochemical studies of peroxidase have revealed several general 
phenomena: 1) peroxidase is detectable either in advance of cell 
division of accompanying cell division in the proepidermis, proendo-
dermis, protophloem, the primordial centers for the origin of buds and 
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roots, wound meristems, the developing nucelltis and the embryo sac; 
2) peroxidase loss or Inhibition is associated with cessation of cell 
division; 3) decline of reactive peroxidase takes place In every tissue 
with the exception of the phloem (Van Fleet, 1959). 
In summary, there has been an accumulation of considerable evidence 
that peroxidase is Involved in the growth activity of plants. These 
lines of evidence are involvement in the oxidation of lAA, formation of 
llgnin, oxidation of NADH and NÂDFH, the presence of different func­
tional groups of isoenzymes of peroxlda»?»; and its association with cell 
division. 
Objectives 
The combined objective of the three studies reported in this 
dissertation was to assay the usefulness of peroxidase activity and 
isoenzyme e:q)resslon as tools in the selection of Popùlus clones for 
rapid growth. 
The objective of Study I was to determine whether for three 
genetically distinct hybrid poplars, photoperiodlcally induced differ­
ences In growth rate were paralleled by any changes in total peroxidase 
activity or Isoenzyme expression. 
Study II involved 25 Populus clones with the following specific 
objectives: 1) to rank the 25 clones in their order of growth rates 
under three different controlled environments; 2) to identify those 
clones which showed the greatest relative change In growth rate across 
the three controlled environments; 3) to select three clones of similar 
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genetic constitution that differ widely in apparent inherent growth 
rates for use in physiological selection studies. 
The objective of Study III was to define the relationship between 
peroxidase activity and isoenzyme expression and rate of growth of the 
three Populus clones selected in Study II. 
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STUDY I 
Methods 
Tip cuttings from three fast growing Populus hybrids (Tristis No. 
1, IP. tristis X P. balsamifera; Crandon, grandadentata x alba; 
and Wisconsin No. 5, 2- * euramericana) were rooted under mist and potted 
in one-gallon pots containing a soil composed of Jiffy-Mix and Perlite 
(3:1). They were then grown in growth chambers under photoperiods of 12 
and 18 hours and a 25° C day, 15° C night temperature regime. Light 
intensity averaged about 2,400 foot-candles at the apex of the rooted 
cuttings. Each pot was fertilized weekly with 0.25 g of 20-20-20 . 
fertilizer in solution and watered at intervals chosen to keep the soil 
near field capacity. The pots were flushed each week with water to 
prevent salt accumulation. 
Throughout the 5-week growth period, total height, number of 
leaves and leaf length of all experimental plants were recorded three 
times each week. Harvests of four individuals of each clone from each 
photoperiod were made beginning 2 weeks after the plants were placed 
in the growth chambers, and at weekly intervals thereafter for 3 weeks. 
Harvested material was used to measure top dry weight and to provide 
fresh material for peroxidase analyses. 
Peroxidase analyses were done on the first mature leaf (approx­
imate plastochron age of 8) and its subtending internode. Both leaves 
and intemodes were fully-expanded as indicated by serial measurements 
of length. Leaf and internode were excised, weighed, and a 0.2 g tissue 
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sample from each was ground immediately in 2 ml of extraction buffer 
(0.05 M Tris - HCL, pH 7.4, 0.1 M sucrose), and the resulting homogenate 
was centrifuged (0° C, 1 hour, 60,000 g). 
Total peroxidase activity was determined by measuring the rate of 
decomposition of hydrogen peroxide with 3,3'-dimethoxybenzidine as the 
hydrogen donor and dye. The reaction mixture for total peroxidase 
activity included 1 ml of 0.3 percent HgOg plus 99 ml of buffered 3,3'-
dimethoxybenzidine solution prepared by diluting 0.8 ml of 1.0 percent 
3,3'-dimethoxybenzidine in methanol to 100 ml with 0.01 M phosphate 
buffer, pH 6.0. The rate of color development at 460 my was determined 
with a recording spectrophotometer when 0.1 ml of the supernatant was 
mixed with 2.9 ml of the reaction mixture in a quartz cuvette. Total 
peroxidase activity in units per gram fresh weight of leaf or intemode 
tissue was defined as: 
A Absorbance^gg/Min. 
units/gram fresh weight = 
11.3 X 0.01 grams/3 ml reaction mixture 
The molar extinction coefficient for the transformation from reduced 
to oxidized dimethoxybenzidine was 1.13 x 10^ cm ^ at 460 my, and the 
0.01 g represents the fresh weight of the tissue in the determination. 
Electrophoresis of 0.1 ml samples of the 60,000 g supernatant in 
a discontinuous acrylamide gel slab (4.5 percent acrylamide, pH 6.7 
spacer gel; 10 percent acrylamide, pH 8.9 running gel) was done 
immediately after centrifugation. Ail runs were 8 cm toward the anode 
with bromophenol blue as the front marker. Peroxidase isoenzymes were 
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located in the gel by staining for 15 minutes with 3,3'-dimethoxybenzidine 
by the method of Brewbaker, et al. (1968). Gels were stored overnight 
in plastic bags containing 7 percent acetic acid before being photo­
graphed. 
Regression analysis was used to analyze relationships between 
growth rate and peroxidase activities. 
Results 
Growth 
Duration of height growth, and, therefore, total height attained, 
was strongly affected by photoperiod for all three Populus clones 
(Table 1; Figure 1). Growth rates at photoperiods of 12 and 18 hours 
were similar for each clone during the first two weeks of growth, but 
subsequently growth in height slowed markedly (Grandon) or stopped 
entirely (Tristis No. 1 and Wisconsin No. 5) under the 12-hour treat­
ment (Figure 1). Thus, height growth behavior of all three clones was 
quite similar. However, patterns of dry weight accumulation differed 
among clones in addition to being strongly affected by photoperiod 
(Table 2; Figure 2). Obviously, a reduction of 6 hours of photo­
synthesis each day should have an effect on dry weight accumulation ; 
and, indeed, all three clones accumulated less dry weight under the 
12-hour photoperiod. However, Tristis No. 1 showed a much greater 
reduction in dry weight under the 12-hour photoperiod than did either 
Grandon or Wisconsin No. 5. At the final harvest, 12-hour Tristis No. 1 
had only 30 percent the dry weight of those grown under 18 hours; 
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Table 1. Effect of photoperiod, clone and harvest time on height 
growth 
Source of variation d.f. Mean square 
Regression 
Photoperiod 
Clone 
Harvest time 
Error 
3 
1 
1 
1 
92 
7091.87** 
7825.97** 
1380.80** 
12,068.84** 
177.34 
Total 95 
**Significant at 1% probability level. 
Figure 1. Total height (cm) in relation to age (days), clone and 
photoperiod. T = Tristis No. 1, W-5 = Wisconsin No. 5 and 
C = Crandon 
TOTAL HEIGHT (cc tn )  
ro w -t» tn CTi  ^
o o 
o 
VI 
o 
o 
C/1 
ro 
o 
ro 
en 
w 
o Ol 
ro 
w 
in 
15 
Table 2. Effect of photoperiod, clone and harvest time on top dry 
weight 
Source of variation d.f. Mean square 
Regression 3 943.65** 
Photoperiod 1 637.31** 
Clone 1 498.21** 
Harvest time 1 1695.44** 
Error 92 16.53 
Total 95 
**Significant at 1% probability level. 
Figure 2. Total oven dry top weight (grams) in relation to age (days), 
clone and photoperiod. T = Trlstls No. 1, W-5 = Wisconsin 
No. 5 and C = Crandon 
TOTAL OVEN DRY WEIGHT -  GRAMS 
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whereas 12-hour Crandon and Wisconsin No. 5 had 47 and 72 percent, 
respectively, of their 18-hour dry weight (Table 3). Tristis No. 1 and 
Crandon showed a decline over time in 12-hour dry weight as a percentage 
of 18-hour values, while Wisconsin No. 5 showed an increase and then a 
decrease at the final harvest time. Although Tristis No. 1 had the 
greatest dry weight when grown under the 18-hour photoperiod, Wisconsin 
No. 5 produced the greatest dry weight under the 12 hour regime, having 
nearly twice as much as either Tristis No. 1 or Crandon under the same 
photoperiod. 
Total peroxidase activity 
Total peroxidase activity in the first fully-expanded leaf and in 
its subtending intemode was quite variable, but there were trends 
(Tables 4 and 5; Figures 3 and 4). Dry weight, height, photoperiod, 
clone, and age were not significantly related to total peroxidase 
activity (Table 4). When multiple regression analysis was performed 
for each clone, organ, and photoperiod combination, total height was 
the independent variable most often significantly related to total 
peroxidase activity; top dry weight was not significant for any clone-
organ-photoperiod combination (Table 5). Total peroxidase activities 
for the leaves were extremely variable (Figure 3). Total peroxidase 
activities for the stems were less variable and showed some trends when 
plotted for clone-photoperiod combinations (Figure 4). For Crandon, 
total peroxidase activity for the 12-hour photoperiod was always 
greater than total peroxidase activity for the 18-hour photoperiod. 
For Wisconsin No. 5 and Tristis No. 1, the total stem peroxidase 
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Table 3. Twelve-hcur dry weight accumulation as a percentage of the 
dry weight accumulation under the 18-hour photoperiod 
Age (weeks) 
Clone 2 3 4 5 
Tristis No. 1 63 66 40 30 
Crandon 59 62 41 47 
Wisconsin No. 5 81 81 88 72 
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Table 4. Relationship of photoperiod, clone, harvest time, dry 
weight and height to total peroxidase activity; multiple 
regression analysis of variance 
Source of variation d.f. Mean square 
Regression 
Dry weight 
Height 
Photoperiod 
Clone 
Age 
Error 
Total 
186 
191 
0.053 
0.084 
0.062 
0.023 
0.021 
0.077 
0.100 
Table 5. F values from multiple regression analysis of total peroxidase activity for each 
clone, organ and photoperiod combination 
Independent variables^ 
Clone Organ 
Photoperiod 
(hours) Age 
Organ 
length 
Dry 
weight Height 
Tristis No. 1 Leaf 18 0.72 0.43 1.83 2.72 
Tristis No. 1 Leaf 12 0.24 0.19 1.66 3.40 
Crandon Leaf 18 0.31 4.86* 3.04 6.01* 
Crandon Leaf 12 0.52 3.13 0.12 2.74 
Wisconsin No. 5 Leaf 18 1.24 0.05 0.01 5.69* 
Wisconsin No. 5 Leaf 12 4,44 1.05 1.56 0.55 
Tristis No. 1 Stem 18 1.15 0.23 0.18 0.81 
Tristis No. 1 Stem 12 3.44 2.98 2.19 8.26* 
Crandon Stem 18 19.19** 0.39 1.91 2.12 
Crandon Stem 12 0.22 1.99 0.16 0.01 
Wisconsin No, 5 Stem 18 0.41 5.52* 4.24 2.42 
Wisconsin No. 5 Stem 12 2.31 0.62 3.27 4.31 
^Degrees of freedom are 1 and 11 for F, 
^Significant at 5% probability level. 
**Significant at 1% probability level. 
Figure 3. Total peroxidase activity (units/gram fresh weight) 
of the first mature leaf in relation to age, clone 
and photoperiod 
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Figure 4. Total peroxidase activity (units/gram fresh weight) 
of the subtending internode of the first mature leaf 
in relation to age, clone and photoperiod 
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activity was always greater for the 18-hour photoperlod than for the 
12-hour photoperlod. The Crandon clone had the greatest peroxidase 
activity when all four observation times over both photoperlods were 
pooled. The Intemode value for Crandon showed the only clearcut 
divergence between 12 and 18 hour light treatments (Figure 4). Crandon 
Intemode values for ages 2 and 3 weeks were similar, whereas values for 
4 and 5 weeks diverged sharply. Wisconsin No. 5 had the lowest leaf 
values over both photoperlods, but Trlstls No. 1 had the lowest stem 
values„ 
The great variability in total peroxidase activities can probably 
be attributed to the use of tissae fresh weight as an expression base. 
Peroxidase assays were closely similar when done repeatedly cn the same 
extract, but varied greatly among extracts across clones and photo­
perlods, probably indicating the difficulty of obtaining accurate fresh 
weight for small amounts of tissue. 
Peroxidase Isoenzyme patterns 
Electrophoresis of extract from the first mature leaf and Intemode 
showed the expected differences in peroxidase Isoenzyme pattern between 
clones, and also differences in Intemodes between 12 and 18-hour 
photoperlods and among harvest times (Figure 5). Wisconsin No. 5 
internodes showed a consistently darker band (R^ 0.25 - 0.40) in the 
12-hour as coïupared with the 18-hour treatment, and this appeared to 
stain more Intensely as the time of exposure to the 12-hour photoperlod 
increased. A similar change in a peroxidase band at the same in 
Trlstls No. 1 Intemodes was less consistent among replicates, but was 
Figure 5. Anodal peroxidase zymograms for leaf and stem tissue of 3 
hybrid poplars grown under 12- and 18-hour photoperlods. 
Within each gel (designated by a letter) the 6 slots on the 
left are leaf material and the 6 slots on the right; are stem 
material. Within each six-slot group, the first two slots 
on the left are Trlstls No. 1, 18 hour, and Tristls No. 1, 
12 hour; the next two are Grandon, 18 hour, and Crandon, 
12 hour; and the final two slots are Wisconsin No. 5, 18 
hour and Wisconsin No. 5, 12 hour 
AGE-WEEKS 
REP1 
REP 2 
REP 4 
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clearly defined in samples from all replications at the last harvest time. 
Crandon intemodes, which did not consistently show a peroxidase band at 
Rg 0.25 - 0,40, showed a slight similar change with photoperiod and age 
in a band at 0.70 - 0.85. The slot in the gel to which extract was 
applied stained intensely in all Crandon intemode samples, thus 
indicating the presence of cathodic peroxidases. 
Discussion 
The three Populus hybrids tested did show some differences in 
peroxidase activity and isoenzyme patterns that were related to growth. 
That these differences seem to be expressed only in internode and not 
in leaf tissue fits well with the fact that elongation growth occurs in 
the stem, and with Macnicol's (1966) speculation that some peroxidases 
are associated with photosynthetic development and some with vasculariza­
tion. Tristis No. 1 and Wisconsin No. 5 are quite different genetically; 
and yet, both showed growth-related changes in peroxidase isoenzymes 
having similar Rj;*s, thus indicating some generality of occurrance for a 
growth control system involving peroxidase isoenzymes of similar molecu­
lar properties. The absence of strong growth-related isoenzyme changes 
in Crandon remains to be explained; indeed, this clone showed no 
peroxidase activity at all at the same R^. Perhaps an explanation can 
be found in the work of Wolter and Gordon (unpublished) that has shown 
growth-related changes in isoenzymes extracted from aspen tissue. In 
this tissue, the most striking growth-related changes occurred in 
peroxidase Isoenzymes that run to the cathode at the pH's used in this 
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study. Thus, changes In these Isoenzymes could not have been detected 
In this study. 
The peroxidase Isoenzyme band at 0.25 - 0.40 darkened before 
differences In growth rates were observed. This may Indicate that 
these peroxidase isoenzymes are Involved in growth control because of 
their change in activity before the growth rates became significantly 
different. 
Total Intemodal peroxidase activity for the three Populus clones 
was extremely variable and total peroxidase activity showed no 
statistically significant differences with respect to clone, photo-
period, or age; but, when the data were plotted, some trends were 
evident. For Trlstis No, 1 and Wisconsin No. 5 total peroxidase activ­
ity for the 18-hour photoperiod was always greater than total peroxidase 
activity for the 12-hour photoperiod. The inverse of this relationship 
was the case for Crandon. These conflicting results lend support to the 
hypothesis that the relationship between peroxidase and growth is not a 
simple reciprocal relationship as suggested by studies of genetic dwarfs. 
The relationship between peroxidase activity and growth may be com­
pounded by the broad genetic differences between these clones and also 
by the presence of cathodic peroxidases in Crandon. 
In any event, the fundamental question to be addressed is what role 
these specific Isoperoxldases play in the regulation of elongation 
growth. A logical next step in resolving this problem would be to select 
a few clones of the same species composition with widely different 
juvenile growth rates and perform a peroxidase analysis on them. 
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STUDY II 
Methods 
Growth 
The 25 Popiilus clones used in this study were chosen as a subset 
of those gathered by the Maximum Yield Project of the North Central 
Forest Experiment Station, USDA Forest Service, for possible use in 
field trials. No emphasis was placed on choosing a particular mix of 
parentage or origin; for some clones (i.e. 5258) no reliable informa­
tion on lineage was available (Table 6). Rather, I wanted to compare 
clones as they would normally become available for field use; that is, 
from a wide variety of sources, often with little detailed genetic 
information. All clones included in this study, with available informa­
tion on parentage and the North Central Forest Experiment Station 
identification numbers, are listed in Table 6. Clones 2 and 19 are 
probably the same; this was discovered after all analysis of the data 
was completed. 
In all three environments, apical cuttings rooted under mist were 
grown in two-gallon plastic pots containing a 3:1 Jiffy-Mix: Perlite 
artificial substrate. Pot moisture was maintained near field capacity 
by frequent watering and nutrient levels were kept high by weekly 
fertilization with a commercial water-soluble fertilizer (20-20-20) 
with an added micronutrient mixture. Pots were copiously flushed 
with water every two weeks to prevent salt accumulation. These 
conditions are not, of course, known to be optimum for all clones 
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Table 6. Populus clones Included in this study 
North Central 
I.S.U. clone For. Expt, Sta. 
number number Name and parentage 
1 4877 Populus alba L. 
2 4878 (5327) Populus X euramericana Guinier 
(deltoides x nigra) 
3 4879 Populus X euramericana Guinier 
4 5258 Populus sp. 
5 5262 Populus candicans Alt. x Populus 
berolinensis Dipp. 
6 5263 Populus candicans Ait. x Populus 
berolinensis Dipp. 
7 5264 Populus deltoides Marsh, x Populus 
plantierensis Schneid. 
8 5265 Populus deltoides Marsh, x Populus 
trichocarpa Torr. et Gray 
9 5266 Populus deltoides Marsh, x Populus 
trichocarpa Torr. et Gray 
10 5267 Populus deltoides Marsh, x Populus 
caudina 
11 5271 Populus charkoviensis Schroed. x 
Populus deltoïdes Marsh. 
12 5272 Populus nigra L. x Populus laurifolia 
Ledeb. 
13 5321 Populus X euramericana Guinier 
14 5322 Populus X euramericana Guinier 
15 5323 Populus X euramericana Guinier 
16 5324 Populus X euramericana Guinier 
17 5325 Populus X euramericana Guinier 
18 5326 Populus X euramericana Guinier 
19 5327 (4878) Populus X euramericana Guinier 
20 5328 Populus X euramericana Guinier 
21 5331 Populus betulafolia Dipp. x Populus 
trichocarpa Torr. et Gray 
22 5332 Populus betulafolia Dipp. x Populus 
trichoca^a Torr. et Gray 
23 5334 Populus deltoides Marsh, x Populus 
trichocarpa Torr. et Gray 
24 5260 Populus tristis Fish, x Populus 
balsamifera L. 
25 5377 Populus X euramericana Guinier, 
"Wisconsin No. 5" 
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Included in the study. However, they have produced consistently 
greater growth for Populus than any other conditions we have tried, 
including aerated, complete-nutrient-solution, or hydroponic culture. 
The three environments, differing primarily in light quality, 
light intensity, and temperature, used in the study were: 
Greenhouse I: The growth period was eight weeks from April 12 to 
June 7; photoperiod was 18 hours, part of which was artificial 
light, temperatures were variable with the thermostat set at 
21° C. 
Greenhouse II: The growth period was eight weeks from May 17 to 
July 12; photoperiod was 18 hours, part of which was 
artificial light, temperatures were variable with the 
thermostat set at 21° C. 
Growth Chambers: The growth period was six weeks with an 18-hour 
photoperiod in Percival, Model PT-80 growth chambers, 
teaçeratures were 25° C day and 15° C night. 
The growth chamber environment was the least variable with little 
variation in photoperiod, light intensity, and temperature. Greenhouse 
II had a much higher temperature and a longer natural light photo­
period than Greenhouse I. Light intensities were highest in Greenhouse 
II due to seasonal changes in solar position. 
Growth rates were determined from weekly total leaf counts and 
total height measurements (cm), beginning with initial measurements 
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when the rooted cuttings were removed from the propagation bench. Leaf 
oven-dry weight (g) and stem oven-dry weight (g) were determined at the 
end of the growth period. 
The plants were located on benches in the greenhouse and in 
growth chambers at random. The harvest data were ranked for both dry 
weight and total height at the end of the growth period. The data were 
subjected to Duncan's new multiple range test to determine significant 
differences between clones. 
Distance analysis and environmental stability 
Environmental stability is defined as the ability of crops to 
perform in a consistent manner over a wide range of environments. It 
has been suggested that the (genotype x environment) stability method be 
used to study competitive ability (Lazenby, 1965; Snyder and Allen, 1971). 
Environmental stability has long been recognized as a desirable 
characteristic for crop varieties and can also be considered desirable 
for tree varieties and clones. 
Because of the wide variability that will be encountered in 
planting sites, the clones finally selected for use in Intensive 
silvicultural systems should be stable across environments. Clones that 
perform well under ideal conditions but perform poorly when compared to 
other clones under less than ideal conditions should not be considered 
superior for many uses. The "best" clone would be one that performs 
well when compared to other clones across a wide range of environments. 
35 
The analysis presented here Is an attempt to develop a technique 
that will allow quantitative interpretation of clonal adaptation to 
different environments. The primary objective was to identify those 
clones that were stable across environments and with the "best" 
response. 
The initial problem that arises in any such study is proper 
interpretation of multiple measurements on the same plant. In this 
study, total height, leaf dry weight, and stem dry weight were 
measured, and these measurements were construed to define a three-
dimensional space. The location of a point in this space describes a 
particular plant to the level of detail we have specified; that is, by 
the number of measurements on this particular plant (Figure 6). To 
simultaneously consider clonal stability and superiority, I located 
points in such a space for all clones included in the experiment and 
subjected them to multivariate analyses. 
The multivariate techniques used combined all variables into one 
measure which also accounted for the interrelationships between 
variables. Although multivariate techniques make the visualization 
of results more difficult, analyses which consider variables separately 
do not account for this Interrelationship and could possibly lead to 
erroneous conclusions. 
The analysis was done upon several measures of the location of, 
and distance between, points in a three-dimensional space. The 
distance function I used was devised by Rao (1948). The first stage of 
the analysis considered the distance between clones (Figure 6), and 
Figure 6. Distances between clones in a three-dimensional space. 
Actual values for four clones 
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measured similarity between clones for a given environment. In the 
Figure 6 example, clones 13 and 16 had the highest degree of similarity, 
whereas clones 15 and 20 were most dissimilar. Because of changes in 
the absolute magnitude of variables and the instability of sane clones, 
however, intraclonal distances became difficult to interpret when 
considered over several environments. The best aggregate measure of 
the quality of the different environments used in this study was taken 
to be the mean response of all plants. The location of individual 
clones with respect to the overall average was then used to draw 
conclusions about clonal stability and superiority with respect to all 
environments included in the study. The critical shortcoming of this 
type of analysis is that all conclusions are relative only to the 
total set of clones included. This technique, however, does provide a 
ready solution to the problem of combining experiments when it is 
desirable to integrate all environmental factors. 
This system of analytical techniques was designed specifically 
to classify clones into these groups: 1) clones having a response to 
environmental changes that was similar to the overall average (average 
clones); 2) clones which, although not close to the overall average, 
had a consistent location with respect to the average (stable clones); 
3) clones which, if stable, may either be above or below average; 
4) clones which, if unstable, may improve with improved environment or 
become relatively poorer. The final classification, then, used this 
set of categories: average; stable-better than average; stable-poorer 
than average; unstable-improving with improving environment; unstable-
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becoming poorer with improving environment. Figure 7 illustrates the 
application of this classification technique in two dimensions. It 
must be remembered, however, that the concept can be expanded to any 
number of dimensions. The numbered points represent the intersection 
of leaf dry weight and stem dry weight for each of the clones. The 
center points of the circles represent the environmental averages for 
all clones. 
The first step identified average and non-average clones. Clones 
that are near the environmental averages within the circles are 
average (Figure 1). Clones that lie outside the circles are non-
average. Clone 1 is average and clones 2, 3, 4 and 5 in this example 
are non-average. The size of the circles around the environmental 
averages is a function of the level of significance and experimental 
error. In this example, the diameter of the circle was determined by 
taking the square root of the pooled estimate of the variance of each 
environment. 
Step two is the classification of the non-average clones as 
stable or tmstable. Clones that do not remain on the same side of 
line A, which is a line perpendicular to the line from the origin to 
the environmental average, across all environments are unstable. Clones 
that lie on the same side of A but that have quite variable distances 
from the average are also unstable. Clones that remain on the same 
side of A and whose distances from A are quite uniform are classified 
as stable. Thus, clones 3 and 4 are stable; clones 2 and 5 are 
unstable. 
Figure 7. An example of multivariate dimensional analysis in two 
dimensions. The centers of the circles represent the 
environmental averages. The numbered points represent the 
positions in the two-dimensional space where the individual 
clones fell 
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Step three Is separation of the non-average stable clones into 
clones larger and clones smaller than the average. If the clone is to 
the right of A, it is larger than the average and if it lies left of 
A, it is smaller than the average. Clone 4 is larger and clone 3 is 
smaller than the average. 
Step four was the classification of unstable clones as having 
either increasing or decreasing trends across environments. Regression 
lines of clonal values versus environmental averages were used to 
determine these trends (Figure 8). These are unvariate regression 
analyses and the regressions for all variables (stem dry weight, leaf 
dry weight and total height) must be considered simultaneously to 
determine trends. A stable average clone has Intercept of zero and 
slope of 1.0. Clones that are above or below average and stable have 
intercepts of greater than and less than zero, respectively, while 
maintaining a slope of one. Clones that are not stable will have slope 
and Intercept significantly different from 1.0 and 0.0. Clone 2 shows 
an increasing trend and clone 5 shows a decreasing trend across environ­
ments. The regression lines also support the previous conclusions 
about clones 1, 3 and 4. 
A similar analysis was done with all 25 clones used in this 
study. 
Figure 8. An example of environmental regression analysis 
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Results 
Growth 
Clones varied greatly in all growth characteristics measured, 
but showed some consistency when compared across the three test environ­
ments. Means of weekly measurements of total height and number of 
leaves were quite variable between clones and between environments 
(Tables 7, 8, 9, 10, 11 and 12). Dry weight measurements of leaf dry 
weight and stem dry weight also showed large differences between clones 
and between environments (Tables 13, 14 and 15). 
When all clones were pooled, mean leaf and stem dry weight, and 
total height were all greatest in Greenhouse II (Table 16). The 
greater total solar radiation available in this environment due to 
longer natural light periods, greater average light intensity during 
the longer days, and a greater proportion of clear days during the 
8-week growth period all related to greater growth in this environment. 
The growth chamber means were smaller than those of either greenhouse 
environment primarily because of the shorter growth chamber growth 
period (6 rather than 8 weeks), but also because of lower growth 
chamber light intensities. Because total photoperlod length was the 
same in all three environments, photoperiodic reactions should not 
have caused differences in quantity of growth among environments. 
Stem dry weight, leaf dry weight and total height at the end of 
the growth period were ranked for each environment; these ranks were 
also summed (Tables 17, 18, 19 and 20). Upon examination of simple 
ranks and sums, it was apparent that a high rank for one variable was 
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Table 7. Average number of leaves in relation to age and clone for 
Growth Chambers 
Clone Age (weeks) 
0 12 3 4 
1 7.2 
2 6.2 
3 7.5 
4 8.1 
5 10.6 
6 9.0 
7 6.5 
8 7.4 
9 6.8 
10 6.9 
11 8.4 
12 8.8 
13 6.2 
14 7.0 
15 8.2 
16 8.5 
17 8.2 
18 7.5 
19 4.8 
20 5.1 
21 7.9 
22 6.6 
23 6.0 
24 8.2 
25 8.0 
9.9 14.0 
9.1 12.4 
11.0 14.1 
11.8 16.1 
15.0 18.6 
12.2 15.9 
9.5 12.0 
11.0 14.4 
10.1 13.1 
10.6 13.8 
11.9 15.0 
12.4 15.6 
9.4 12.8 
10.4 13.2 
12.6 15.6 
10.9 16.0 
12.1 15.4 
11.6 16.4 
7.0 9.8 
8.2 10.7 
11.6 14.3 
8.9 12.2 
8.1 11.0 
11.8 16.6 
11.9 15.5 
19.4 24.5 
15.6 19.6 
18.2 22.5 
20.9 25.8 
24.9 31.0 
20.9 26.1 
16.0 19.6 
19.0 23.5 
16.9 21.0 
18.2 22.9 
19.6 24.7 
20.6 25.6 
16.9 21.3 
16.6 20.4 
19.8 24.2 
20.8 25.2 
20.1 24.9 
20.8 25.8 
13.4 17.1 
13.8 16.9 
18.6 23.2 
17.0 22.1 
14.1 17.2 
22.1 27.8 
19.9 25.2 
31.0 37.9 
24.4 31.0 
27.6 32.4 
31.9 . 37.4 
37.4 43.6 
32.6 39.4 
24.0 28.8 
28.5 33.4 
25.6 29.9 
27.6 32.9 
30.2 35.6 
31.6 38.0 
26.2 31.3 
24.6 28.8 
29.4 34.4 
31.1 36.2 
30.1 35.5 
31.4 37.2 
22.0 26.8 
20.9 25.1 
28.7 33.7 
28.2 34.8 
21.2 25.4 
34.2 41.5 
31.0 37.9 
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Table 8. Average number of leaves In relation to age and clone for 
Greenhouse I 
Clone Age (weeks) 
0 1 2 3 4 5 
1 6.0 
2 5.5 
3 6.5 
4 6.0 
5 9.0 
6 7.5 
7 7.5 
8 7.2 
9 7.0 
iO 6.2 
11 8.6 
12 7.2 
13 5.9 
14 6.5 
15 6.8 
16 8.5 
17 6.8 
18 6.2 
19 5.5 
20 5.0 
21 7.8 
22 6.8 
23 5.0 
24 5.2 
25 6.2 
9.7 12.0 
8.5 11.8 
9.8 12.8 
10.5 14.0 
14.0 17.8 
10.8 13.5 
11.2 14.0 
10.2 13.2 
9.8 12.8 
11.0 13.7 
12.0 15.0 
11.2 14.5 
8.8 12.0 
10.8 13.0 
10.5 14.0 
12.5 15.5 
11.0 14.5 
10.0 13.5 
8.0 11.0 
7.9 10.0 
11.5 15.1 
9.8 12.8 
6.8 9.5 
8.0 11.2 
8.2 11.5 
14.0 18.7 
14.2 17.2 
16.2 20.8 
19.2 24.5 
23.8 31.2 
18.2 24.8 
17.2 22.2 
18.2 23.8 
17.5 22.5 
18.0 22.5 
18.0 22.2 
18.8 24.0 
16.0 20.9 
17.5 21.2 
18.0 22.8 
20.5 26.0 
19.8 23.0 
18.0 23.0 
14.8 18.5 
13.1 16.2 
19.6 25.2 
17.2 22.2 
12.8 16.2 
15.5 20.2 
15.8 21.2 
23.0 28.7 
21.8 26.8 
26.0 31.2 
31.0 37.5 
39.0 46.2 
31.0 37.5 
27.5 31.5 
29.8 35.5 
27.8 33.5 
27.8 33.0 
27.1 31.9 
30.5 36.8 
26.2 32.0 
25.2 29.8 
28.2 34.2 
32.2 38.2 
30.5 36.0 
28.5 33.8 
20.8 28.0 
19.5 22.8 
30.9 36.6 
28.0 34.0 
20.8 25.8 
23.8 28.2 
27.2 33.2 
36.7 45.3 
32.0 38.5 
37.8 44.8 
45.0 49.8 
56.2 65.0 
43.8 51.5 
36.2 41.5 
43.0 50.0 
39.5 45.8 
40.2 46.0 
38.0 43.9 
44.2 53.0 
38.8 45.8 
35.5 41.2 
39.8 46.2 
45.5 52.5 
42.0 48.0 
41.0 48.0 
33.5 40.2 
27.1 31.5 
43.4 50.2 
31.2 48.2 
30.8 36.2 
35.5 41.2 
41.0 49.2 
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Table 9. Average number of leaves in relation to age and clone for 
Greenhouse TI 
Clone Age (weeks) 
0 1 2 3 4 5 6 7 8 
1 5.8 
2 7.2 
3 7.2 
4 9.0 
5 10.2 
6 10.8 
7 7.0 
8 7.5 
9 7.0 
10 8,2 
11 10.8 
12 8.2 
13 6.2 
14 7.0 
15 9.5 
16 6.8 
17 8.8 
18 10.5 
19 7.5 
20 5.5 
21 9.8 
22 8.0 
23 7.0 
24 6.0 
25 7.5 
9.8 14.2 
10.5 14.2 
9.2 13.0 
12.2 17.8 
14.8 21.0 
13.2 19.2 
10.5 14.8 
10.0 15.2 
9.8 13.8 
11.2 15.0 
13.8 19.2 
9.8 13.2 
9.8 13.0 
9.2 12.2 
12.5 17.5 
9.8 14.5 
11,5 16.5 
14.0 19.8 
10.0 15.0 
7.8 11.5 
12.8 17.8 
11.5 16.2 
9.25 13.5 
9.5 12.8 
10.0 15.2 
17.8 22.5 
18.2 22.2 
18.0 23.0 
24.2 29.2 
28.5 36.0 
25.0 31.0 
19.2 24.0 
21.2 26.2 
19.5 25.5 
19.2 24.0 
23.8 27.8 
17.8 23.0 
17.2 19.8 
16.8 21.0 
23.0 27.5 
21.0 26.8 
22.2 27.5 
26.8 34.2 
20.2 24.8 
16.2 19.5 
23.8 28.5 
22.2 27.2 
19.25 23.0 
17.2 20.5 
21.0 27.0 
29.8 37.0 
27.8 33.2 
29.5 36.0 
37.5 44.5 
44.5 52.2 
38.0 44.8 
29.8 36.0 
33.0 40.5 
32.2 38.5 
29.8 36.0 
32.8 38.2 
30.0 36.8 
23.5 28.2 
26.8 33.0 
33.8 39.8 
34.5 42.0 
34.2 40.2 
42.2 49.5 
32.5 39.5 
23.8 29.2 
33.5 39.2 
33.8 39.8 
28.25 34.0 
24.5 29.8 
35.5 43.5 
45.2 55.8 
38.8 45.2 
42.0 48.5 
52.8 60.5 
29.8 69.2 
51.5 60.2 
42.5 48.2 
47.8 54.5 
44.2 50.7 
42.2 49.0 
45.0 51.5 
44.2 52.8 
33.5 39.5 
39.0 45.0 
45.5 52.0 
48.8 56.0 
47.0 53.2 
57.5 64.8 
46.2 53.2 
34.2 39.0 
45.0 52.2 
46.8 54.5 
39.0 45.0 
36.5 44.0 
51.2 60.0 
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Table 10. Average total height (cm) In relation to age and clone for 
Growth Chambers 
Clone 
0 1 2 
Age (weeks) 
3 4 5 6 
1 7.1 10.0 17.3 28.9 42.9 61.4 81.9 
2 5.2 9.8 15.7 27.5 40.2 57.9 79.7 
3 7.6 11.2 18.1 31.3 45.4 62.8 82.1 
4 6.4 9.2 16.7 30.5 42.2 56.8 75.0 
5 11.6 17.2 26.5 42.0 56.9 74.8 94.8 
6 8.7 14.1 23.4 37.9 51.0 68.0 86.9 
7 7.2 10.8 16.7 29.0 39.2 55.9 77.0 
8 6.2 9.1 15.2 26.8 37.8 52.4 71.9 
9 5.9 10.5 17.7 30.5 43.8 50.8 78.9 
10 6.9 9.2 12.8 21.6 31.2 43.8 58.6 
11 9.2 12.9 19.3 29.7 38.6 51.1 64.3 
12 8.3 12.0 19.9 34.4 46.5 61.5 80.7 
13 4.9 7.4 13.1 24.6 35.4 48.8 65.5 
14 7.7 10.0 13.7 21.4 30.1 41.6 55.5 
15 7.3 12.0 18.4 29.7 42.4 58.7 76.5 
16 7.1 9.4 14.6 24.8 35.1 48.7 65.5 
17 7.8 10.9 17.0 28.5 40.5 56.1 75.2 
18 6.5 9.4 16.3 29.8 43.0 60.4 78.9 
19 4.7 7.1 12.3 23.3 35.4 51.7 72.8 
20 4.9 6.6 9.8 17.4 24.7 36.9 53.5 
21 8.9 13.7 21.7 34.0 45.0 59.3 74.9 
22 7.4 10.3 18.4 32.3 44.4 59.8 78.1 
23 5.2 7.2 14.0 28.9 42.4 59.0 78.6 
24 8.1 10.9 18.5 33.7 47.4 65.6 85.5 
25 5.6 9.0 16.2 29.8 41.1 57.0 75.6 
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Table 11. Average total height (cm) in relation to age and clone for 
Greenhouse I 
Clone Age (weeks). 
0 1 2 3 4 5 
1 6.3 8.2 12.9 18.4 26.5 41.2 60.3 84.5 120.9 
2 6.7 10.2 18.1 27.0 37.4 54,2 75.5 100.2 136.8 
3 7.4 9.5 17.1 28.5 42.2 64.0 90.7 118.8 163.4 
4 6.4 9.3 17.3 27.1 39.3 60.2 82.3 107.2 140.4 
5 9.4 16.1 29.2 42.6 63.2 90.7 119.8 148.5 181.2 
6 8.5 14.4 25.8 39.4 55.0 77.7 102.0 126.6 156.3 
7 9.5 14.6 25.5 38.6 54.0 73.7 90.0 107.5 135.4 
8 5.6 8.8 17.3 28.0 41.2 60.5 84.1 109.1 141.4 
9 6.8 11,5 21.1 31.3 45.3 68.6 94.9 123.1 158.2 
10 6.5 9.0 15.5 23.1 31.6 44.7 59.9 83.4 110.3 
11 10.0 14.5 21.3 28.8 37.2 50.2 65.3 82.6 104.8 
12 6.9 11.0 19.4 33.7 47.8 70.9 94.8 121.1 151.0 
13 3.6 5.9 12.1 20.5 30.6 47.2 67.1 89.7 121.8 
14 5.8 . 9.1 14.5 22.2 31.0 45.0 62.8 85.3 117.5 
15 7.0 11.9 20.3 30.7 42.0 61.2 00
 
109.8 141.8 
16 8.5 12.6 20.2 29.1 42.9 58.4 
00 
105.7 140.8 
17 6.5 11.4 21.2 32.1 43.7 64.5 84.8 105.7 137.9 
18 4.6 7.0 14.5 23.3 34.0 52.1 72.9 91.8 130.5 
19 6.5 8.5 16.2 26.1 37.0 54.3 76.6 104.6 144.0 
20 4.6 7.1 12.1 19.3 26.4 38.5 53.4 72.8 97.9 
21 9.5 14.9 26.0 38,0 51.5 73,2 96.4 121.5 150.6 
22 8.6 12.3 22.6 36.2 50.9 74.0 98,1 123.4 157.6 
23 3.9 6.6 14.3 24.9 37.4 60.2 89.5 117.9 156.0 
24 3.7 7.0 16.8 29.3 42.1 60.7 78.5 97.6 124.4 
25 3.8 6.8 14.9 25.4 37.3 59.0 76.9 100.2 134.2 
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Table 12. Average total height (cm) in relation to age and clone for 
Greenhouse II 
Zlone 
0 1 2 
Age (weeks) 
3 4 5 6 7 8 
1 8.3 10.8 15.1 23.2 38.7 62,0 89.9 122.9 153.8 
2 7.3 12.3 21.1 30.5 44.0 66.1 93.6 127,1 160.0 
3 5.2 8.6 15.6 30.5 47.3 74.5 107.8 143,3 172.1 
4 5.4 10.1 18.9 31.8 45,0 71.2 102.2 136.6 166.6 
5 11.0 20.1 37.0 54.1 67.8 93.3 122.6 154,7 188.8 
6 12.2 19.0 32.9 47.2 59.4 82.7 107.6 141.0 170.2 
7 6.6 11.3 19.9 31.9 45.8 74.3 110.5 141.5 170.6 
8 4.8 8.5 17.5 32.5 43.6 66,9 97.9 128.0 156.4 
9 6.6 11.6 19.5 32,5 52.9 80,2 112.9 145.6 180.0 
10 7.4 10.4 16.0 23,8 29.4 48,8 72.5 94.2 118.7 
11 7.5 11.7 19.0 26.9 34.3 50.0 68.6 89.7 122.6 
12 8.7 12.4 22.3 34.4 49.1 75.6 104.5 136.1 164.9 
13 6.9 10.0 18.8 29.1 35.6 49.6 74.2 77.8 108.8 
14 6.1 8.8 13.9 23.0 35.3 54.8 79.7 106.1 133 0 4 
15 9.5 14.2 24.4 38.5 50.7 72.8 100.7 129.2 160.6 
16 3.7 6.5 13.0 23.7 34.2 56.2 84.9 115,9 147.9 
17 7.6 11.8 20.4 34.5 49.2 73.0 105.8 138.3 169.5 
18 7.5 11.8 22.4 37.1 48,7 73.9 107.0 141.9 171.5 
19 4.9 7.1 12.5 21.6 33.6 54.4 82.3 113.7 142.6 
20 5.4 7.2 12.0 21.4 28.8 44.3 69.1 97.1 124.6 
21 10.7 17.9 29.8 42.3 53.1 72.5 97.3 127.7 154.2 
22 8.1 13.5 26.5 40.7 51.0 70.8 98.1 133,6 167.7 
23 6.6 13.1 26.9 49.9 65.3 95.5 131.4 163,7 192.8 
24 5.9 8.8 18.1 30.8 39,2 54.7 77.1 106,1 134.7 
25 6.6 9.6 17.8 30.3 43.7 68.8 100.6 136.0 170,4 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
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Clonal averages for Growth Chambers of leaf dry weight (g), 
stem dry weight (g) and total height (cm) at the end of the 
6-week growth period 
Leaf dry weight Stem dry weight Total height 
16.86 5.83 81.86 
13.74 4.47 79.70 
15.18 5.95 82.06 
19.02 6.71 75.05 
16.96 6.65 94.79 
18.37 5.78 86.89 
16.77 4.96 77.00 
19.54 4.77 71.89 
22.45 5.91 78.95 
10.33 2.57 58.64 
7.90 3.20 64.32 
16.06 4.95 80.72 
14.28 4,39 65.52 
12.09 3.27 55.55 
15.06 7.02 76.50 
14.83 4.30 65.52 
17,40 5.55 75.20 
17.75 6.68 78.95 
12.34 3.98 72.76 
14.85 3.39 53.47 
15.88 5.56 74.87 
13.60 4.91 78.11 
19.84 5.33 78.57 
15.51 7.96 85.49 
18.66 6.62 75.62 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
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Clonal averages for Greenhouse I of leaf dry weight (g), stem 
dry weight (g) and total height (cm) at the end of the 
8-week growth period 
Leaf dry weight Stem dry weight Total height 
12.85 6,87 120.90 
18.04 10.35 136.80 
27.28 18.81 163.45 
27.38 18.01 140.45 
24.33 17.59 181.17 
16.94 12.10 156.35 
25.36 13.46 135.37 
29.71 14.73 141.42 
32.49 17.32 158.17 
13.00 6.91 110.32 
9.91 6.12 104.82 
20.44 14.13 151.05 
17.95 10.15 121.76 
21.32 11.35 117.50 
24.36 14.57 141.85 
21.50 14.19 140.80 
23.86 14.14 137.90 
21.75 14.42 130.52 
18.42 11.54 144.00 
20.41 8.39 97.87 
21.22 14.31 150.59 
18.31 13.52 157.65 
29,59 15.40 155.97 
17.40 12.01 124.42 
17.93 12.64 134.25 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
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Clonal averages for Greenhouse II of leaf dry weight (g), 
stem dry weight (g) and total height (cm) at the end of the 
8-week growth period 
Leaf dry weight 
31.23 
30.69 
36.34 
42.99 
32.82 
28.59 
43.76 
45.46 
49.27 
18.59 
11.45 
28.73 
17.74 
34.63 
39.22 
28.26 
37.90 
39.02 
29.60 
31.44 
26.14 
21.80 
54.88 
22.07 
37.27 
Stem dry weight 
20.23 
18.88 
27.25 
32.49 
23.16 
20.62 
23.53 
22.19 
27.97 
10.47 
7.38 
19.51 
10.25 
18.08 
23.82 
18.11  
24.81 
31.28 
17.34 
22.78 
16.43 
17.25 
31.89 
15.51 
30.88 
Total height 
153,82 
160.05 
172.07 
166.62 
188.80 
170.22 
170.62 
156.42 
180.05 
118.67 
112.65 
164.90 
108.85 
133.37 
160.62 
147.92 
169.47 
171.55 
142.65 
124.62 
154.17 
167.67 
192.85 
134.70 
170.37 
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Table 16. Means and ranges for leaf and stem weight (g) and total 
height for all clones pooled In each environment 
Growth Chambers Greenhouse I Greenhouse II 
Leaf weight (g) 
Mean 
High 
Low 
Variance 
15.79 
22.37 
7.90 
15.46 
20.68 
32.49 
5.82 
39.92 
32.79 
54.88 
11.45 
55.12 
Stem weight (g) 
Mean 
High 
Low 
Variance 
5.18 
7.96 
2.57 
2.72 
12.54 
18.80 
3.04 
15.10 
21.29 
32.49 
7.38 
23.69 
Total height (cm) 
Mean 
High 
Low 
Variance 
74.3 
94.8 
49.9 
68.24 
134.7 
181.2 
82.5 
25.79 
155.7 
192.8 
98.8 
219.28 
Clo; 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
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Simple ranking of growth variables for Growth Chambers, 
1 = highest, 25 = lowest 
Leaf Stem Total Leaf/stem 
dry weight dry weight height ratio 
10 8 5 10 
20 11 7 12 
16 6 4 3 
4 2 16 8 
9 4 1 4 
6 9 2 16 
11 14 12 18 
3 17 19 24 
1 7 8 22 
24 25 23 23 
25 24 22 2 
13 15 6 17 
19 18 21 11 
23 23 24 20 
12 13 14 15 
18 20 20 19 
8 10 15 14 
7 3 9 5 
22 21 18 13 
17 22 25 25 
14 11 17 9 
21 16 11 6 
2 12 10 21 
15 1 3 1 
5 5 14 7 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
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Simple ranking of growth variables for Greenhouse I, 
1 = highest, 25 = lowest 
Leaf Stem Total Leaf/stem 
dry weight dry weight height ratio 
24 24 21 18 
18 20 15 16 
5 1 2 5 
4 2 13 11 
8 3 1 2 
22 16 5 3 
6 14 16 23 
2 6 11 24 
1 4 3 19 
23 23 23 22 
25 25 24 13 
14 11 7 6 
19 21 20 17 
12 19 22 21 
7 7 10 14 
11 10 12 10 
9 12 14 15 
10 8 18 9 
16 18 8 12 
15 22 25 25 
13 9 9 7 
17 13 4 1 
3 5 6 20 
21 17 19 8 
20 15 17 4 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
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Simple ranking of growth variables for Greenhouse II, 
1 = highest, 25 = lowest 
Leaf Stem Total Leaf/stem 
dry weight dry weight height ratio 
14 14 17 12 
15 16 14 16 
10 6 4 5 
5 1 11 4 
12 10 2 7 
18 13 8 6 
4 9 6 23 
3 12 15 , 25 
2 5 3 21 
23 23 23 22 
25 25 24 15 
17 15 12 9 
24 24 25 20 
11 18 21 24 
6 8 13 17 
19 17 18 13 
8 7 9 10 
7 3 5 2 
16 19 19 19 
13 11 22 11 
20 21 16 14 
22 20 10 3 
1 2 1 18 
21 22 20 8 
9 4 7 1 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
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Sum of ranks - three variables (leaf weight, stem weight and 
total height) and number of repetitions for each environment 
Growth Chambers Greenhouse I Greenhouse II 
Sum of Sum of Sum of 
Reps. ranks Reps. ranks Reps. ranks 
8 23 3 68 4 45 
8 46 4 52 4 45 
8 26 4 8 4 20 
8 22 4 18 4 17 
8 14 4 12 4 24 
8 17 4 43 4 39 
8 37 4 35 4 19 
8 39 4 18 4 30 
8 16 4 8 4 10 
8 72 4 69 4 69 
12 71 8 74 4 74 
8 34 4 32 4 44 
12 58 8 59 4 73 
8 70 4 52 4 50 
8 39 4 23 4 27 
8 58 4 32 4 54 
8 33 4 34 4 24 
8 19 4 35 4 15 
8 61 4 42 4 54 
12 64 8 62 4 46 
12 42 8 44 4 57 
8 48 4 34 4 52 
8 24 4 14 4 4 
8 19 4 56 4 63 
8 24 4 41 4 20 
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not necessarily indicative of high rank for other variables, that 
clonal ranking based on individual variables or sums varied from environ­
ment to environment, and that further analysis beyond simple ranking and 
summing was necessary to Indicate clearly which clones, in fact, had 
the greatest juvenile growth potential and stability across environments. 
Therefore, growth variables for clones within environments were 
subjected to analysis of variance, and differences among clones (for each 
growth variable in each environment) were examined using Duncan's new 
multiple range test (Tables 21, 22 and 23). 
Greenhouse II produced the greatest number of significant 
differences among clones In stem weight, as well as the greatest stem 
weights (Table 21). In this environment, 6 clones were not signifi­
cantly different from the clone with the greatest mean stem weight. 
These 7 clones were all Included in the top groups (groups not signifi­
cantly different than the clones with greatest mean stem weight) in the 
other two environments. Thus, these 7 clones (3, 4, 9, 17, 18, 23, 25) 
may be regarded as consistent producers of heavy stems across all 
environments. 
Clones producing the greatest total leaf weight were consistent 
for all three environments (Table 22). As with stem weight. Greenhouse 
II produced the greatest number of significant differences (Table 22). 
Three clones, 8, 9 and 23, constituted the top group in Greenhouse II, 
and these same 3 clones also produced greatest leaf weight in the other 
two environments. Two of these (9 and 23) were also consistently in the 
top groups for all environments in stem weight production. 
61 
Table 21. Duncan's new multiple range test for significant differences 
in stem dry weight for the three environments. Any two 
means not next to a common line are significantly different 
Growth Chambers 
Clone Mean (g) 
Greenhouse I 
Clone Mean (g) 
Greenhouse II 
Clone Mean (g) 
24 
4 
18 
5 
25 
3 
9 
1 
6 
17 
21 
23 
15 
7 
12 
22 
8 
13 
2 
16 
19 
20 
14 
11 
10 
7.96 
6.71 
6 .68  
6.65 
6 .62  
5.95 
5.91 
5.83 
5.78 
5.55 
5.46 
5.33 
5.32 
4.95 
4.94 
4.91 
4.77 
4.66 
4.47 
4.30 
3.98 
3.38 
3.27 
3.20 
2.57 
3 
4 
5 
9 
23 
8 
15 
18 
21 
16 
17 
12 
22 
7 
25 
6 
24 
19 
14 
2 
13 
20 
10 
11 
1 
18.80 
18.01 
17.58 
17.32 
15.40 
14.73 
14.57 
14.42 
14.31 
14.19 
14.14 
14.13 
13.52 
13.46 
12.64 
12.10 
12.01 
11.54 
11.35 
10.35 
10.15 
8.39 
6.91 
6.87 
6 . 1 2  
4 
23 
18 
25 
9 
3 
17 
15 
7 
5 
20 
8 
6 
1 
12 
2 
16 
14 
19 
22 
21 
24 
10 
13 
11 
32.49 
31.89 
31.28 
30.88 
27.97 
27.25 
24.81 
23.82 
23.54 
23.16 
22.78 
22.19 
20.62 
20.23 
19.51 
18.88 
18.11 
18.08 
17.34 
17.26 
16.43 
15.51 
10.47 
10.25 
7.38 
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Table 22. Duncan's new multiple range test for significant differences 
in leaf dry weight for the three environments. Any two 
means not next to a common line are significantly different 
Growth Chambers 
Clone Mean (g) 
9 22.37 
23 19.84 
8 19.52 
4 19.02 
25 18.63 
6 18.37 
18 17.75 
17 17.40 
5 16.96 
1 16.86 
7 16.77 
15 16.76 
12 16.06 
21 15.88 
24 15.51 
3 15.18 
20 14.85 
16 14.83 
13 14.28 
2 13.74 
22 13.60 
19 12.44 
14 12.09 
10 10.33 
11 7.90 
Greenhouse I 
Clone Mean (g) 
9 32.49 
8 29.71 
23 29.59 
4 27.38 
3 27.28 
7 25.36 
15 24.36 
5 24.33 
17 23.86 
18 21.75 
16 21.50 
14 21.32 
21 21.22 
12 20.44 
20 20.41 
19 18.42 
22 18.31 
2 18.04 
13 17.95 
25 17.93 
24 17.40 
6 16.94 
10 13.00 
1 12.85 
11 9.91 
Greenhouse II 
Clone Mean (g) 
23 54.88 
9 49.27 
8 45.46 
7 43.76 
4 42.99 
15 39.22 
18 39.01 
17 37.90 
25 37.27 
3 36.34 
14 34.63 
5 32.82 
20 31.44 
1 31.23 
2 30.69 
19 29.56 
12 28.73 
6 28.59 
16 28.26 
21 26.14 
24 22.07 
22 21.80 
10 18.59 
13 17.74 
11 11.45 
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Table 23. Duncan's new multiple range test for significant differences 
in total height for the three environments. Any two means 
not next to a common line are significantly different 
Growth Chambers Greenhouse I Greenhouse II 
Clone Mean (cm) Clone Mean (cm) Clone Mean (cm) 
5 
6 
24 
3 
1 
12 
2 
9 
18 
23 
22 
7 
15 
25 
17 
4 
21 
19 
8 
16 
13 
11 
10 
14 
20 
94.8 
86.9 
85.5 
82.1 
81.9 
80.7 
79.7 
79.0 
78.9 
78.6 
78.1 
77.0 
76.5 
75.6 
75.2 
75.1 
74.9 
72.8 
71.9 
65.5 
65.4 
64.3 
58.6 
55.6 
49.9 
5 181.2 1 
3 163.4 
9 158.2 
22 157.6 
6 156.4 
23 155.9 
12 151.0 
19 144.0 
15 141.8 
8 141.4 
16 140.8 
4 140.4 
17 137.9 
2 136.8 
7 135.4 
25 134.2 
18 130.5 
24 124.4 
13 121.8 
1 120.9 
14 117.5 
21 115.2 
10 110.3 
11 104.8 
20 97.9 
23 
5 
5 
3 
18 
7 
25 
6 
17 
22 
4 
12 
15 
2 
8 
21 
1 
16 
19 
24 
14 
20 
10 
11 
13 
192.8 
188.8 
180-0  
172.1 
171.6 
170.6 
170.4 
170.2 
169.5 
167.7 
166.6 
164.9 
160.6 
160.0 
156.4 
154.2 
153.8 
147.9 
142.6 
134.7 
133.4 
124.6 
118.7 
112.6 
108.8 
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The within-environment analysis of total height presented a 
picture different in some respects from the stem and leaf weight 
analyses. Greenhouse I produced the greatest number of significant 
differences in total height (Table 23). Also, of the 6 tallest clones 
in Greenhouse I, only 3 (3, 9 and 23) appeared in the group showing 
consistently greatest stem weight, and only 2 (9 and 23) appeared in 
the group showing consistently greatest leaf weight. Thus, according 
to these results, high potential for top weight production is not 
necessarily related to high potential for elongation growth. 
In addition to the destructive measurements of stem weight and 
leaf weight, weekly measurements of leaf number and total height were 
taken for all clones in all environments. It was noted that leaf 
number was roughly linear with time; and, therefore, regressions of 
leaf number on time were examined to see if rate of leaf production, 
as indicated by the slope of this regression line, was an indicator of 
final weight or height or both. If it were, it might be possible to 
reduce or eliminate destructive measurement. Slopes and Intercepts for 
regressions of leaf number on time for all clones and environments were 
calculated (Table 24). Again, Greenhouse II produced the greatest 
slopes, indicating again the generally better growing conditions in 
this environment. However, there was little consistency between clones 
having high rates of leaf production and large final weight and/or 
height. For example, clone 23, one of the best performers in terms of 
stem and leaf weight, as well as height growth, had one of the 6 lowest 
rates of leaf production. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
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Leaf production regression lines 
Growth Chambers Greenhouse I Greenhouse II 
Slope Intercept Slope Intercept Slope Intercept 
5.17 -0.12 
4.00 0.87 
4.15 2.42 
4.92 2.02 
5.56 3.65 
5.07 1.98 
3.69 1.84 
4.36 2.15 
3.72 2.53 
4.32 1.68 
4.56 2.50 
4.85 2.37 
4.19 0.95 
3.60 2.85 
3.25 4.15 
4.73 2.28 
4.55 2.70 
4.93 1.80 
3.68 -0.34 
3.27 1.30 
4.30 2.50 
4.75 -0.47 
3.23 1.77 
5.24 1.76 
4.91 1.68 
4.67 -1.81 
4.00 -0.42 
4.73 -0.77 
5.30 -2.73 
7.04 -1.64 
5.60 -1.47 
4.27 1.84 
5.03 -2.16 
4.93 -0.64 
4.93 -0.38 
4.36 2.26 
5.64 -1.52 
4.99 -2.05 
4.23 1.11 
4.93 -0.17 
5.52 0.30 
2.49 5.88 
5.18 -1.27 
4.25 -1.24 
3.26 0.71 
5.32 0.06 
4.71 -0.22 
3.95 -1.57 
4.48 -1.42 
5.42 -3.37 
5.66 -4.54 
5.23 -2.89 
5.35 -1.60 
6.57 -0.90 
7.49 -0.09 
6.81 -3.25 
5.48 -3.32 
6.06 -1.88 
5.66 -1.54 
5.13 0.36 
5.05 3.92 
5.68 -2.21 
3.99 1.17 
4.88 -1.08 
5.40 1.97 
6.76 -5.76 
5.72 0.38 
7.04 0.26 
5.87 -1.73 
4.27 -0.60 
5.31 2.61 
4.86 1.32 
4.85 -0.02 
4.57 -0.54 
6.74 -3,62 
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Distance analysis and environmental stability 
Distance and environmental stability analyses were performed on 
the 25 clones used in this study. Distances between clones measured the 
similarity of clones (Tables 25, 26 and 27). The smaller the 
2 (distance) between clones, the more similar a pair of clones was with 
respect to the combined measurements of leaf dry weight, stem dry 
weight and total height. 
2 (Distance) of clones for each environment from the environmental 
averages and from the origin are presented in Table 28. Table 29 shows 
the hypothesis tests and statistics used in the classification of the 
clones into the classes described in the methods section: 1) average 
clones; 2) stable-better than average clones; 3) stable-poorer than 
average clones; 4) unstable-lmproves with environment, and 5) unstable-
becomes poorer with improved environment. The critical values for test 
(1), test (2) and test (3) were selected arbitrarily because the 
distribution of the statistics are unknown. For this reason, no 
probability levels can be assigned to the decisions made at each branch 
point of the final results (Figure 9). The calculated test values for 
each branch point are presented in Tables 30, 31, 32 and 33. Clone 
numbers in box (1) are ranked according to their closeness to the 
overall average (Figure 9). Under different, but still unknown, 
significance levels, the average clones will also become subject to the 
remainder of the tests and their position is indicated by the clone 
numbers enclosed in brackets (Figure 9). 
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Table 25. Interclonal (distances)2 for Growth Chambers 
Clone Clone 
1 2 3 4 5 6 
1 0.0 
2 1.0 
3 0.3 
4 3.0 
5 3.4 
6 0.7 
7 0.6 
8 4.1 
9 3.9 
10 7.8 
11 6.2 
12 0.3 
13 4.2 
14 10.4 
15 2.8 
16 4.3 
17 1.1 
18 1.0 
19 1.7 
20 14.3 
21 0.9 
22 0.7 
23 1.7 
24 3.3 
25 2.4 
1.0 0.3 
0.0 0.9 
0.9 0.0 
6.6 4.1 
3.4 2.8 
1.4 1.4 
1.4 1.5 
6.4 6.4 
7.2 6.4 
6.9 8.3 
4.2 5.2 
0.4 0.8 
5.3 5.0 
11.2 11.4 
5.3 2.3 
5.5 5.3 
3.1 2.1 
3.6 1.5 
0.8 1.6 
16.4 16.3 
2.4 1.4 
0.3 0.4 
3.7 3.5 
5.4 2.0 
5.8 3.4 
3.0 3.4 
6.6 3.4 
4.1 2.8 
0.0 11.9 
11.9 0.0 
5.7 2.1 
2.5 6.3 
2.3 14.1 
2.4 11.9 
7.2 19.4 
8.7 13.6 
4.6 3.6 
2.2 14.8 
6.2 25.0 
2.1 8.9 
2.2 15.2 
0.9 8.5 
0.7 7.0 
5.2 7.1 
7.3 31.6 
1.2 7.7 
4.8 4.1 
2.3 8.3 
5.5 4.9 
0.0 10.7 
0.7 0.6 
1.4 1.4 
1.4 1.5 
5.7 2.5 
2.1 6.3 
0.0 1.5 
1.5 0.0 
5.6 1.9 
4.4 2.5 
11.6 5.1 
9.7 5.3 
0.6 0.5 
7.5 2.3 
15.2 7.1 
6.1 3.8 
7.4 2.2 
2.9 0.5 
3.0 1.4 
3.4 1.3 
19.2 9.9 
3.0 0.6 
1.9 1.2 
2.2 0.7 
5.3 5.9 
4.9 2.1 
4;1 3-. 9 
6.4 7.2 
6.4 6.4 
2.3 2.4 
14.1 11.9 
5.6 4.4 
1.9 2.5 
0.0 0.8 
0.8 0.0 
5.5 10.2 
9.5 13.7 
4.1 4.3 
2.3 4.9 
5.3 9.9 
7.1 7.7 
1.8 4.4 
1.4 2.0 
3.4 3.3 
5.0 7.1 
5.4 9.8 
2.6 3.5 
5.8 6.8 
0.8 0.6 
11.9 11.1 
2.3 2.4 
Table 25 (continued) 
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Clone 
10 11 12 
Clone 
13 14 15 16 17 
1 7.8 6,2 0.3 4.2 10.4 2.8 4.3 1.1 
2 6.9 4.2 0.4 5.3 11.2 5.3 5,5 3.1 
3 8.3 5.2 0.8 5.0 11.4 2.3 5.3 2.1 
4 7.2 8.7 4.6 2.2 6.2 2.1 2.2 0.9 
5 19.4 13.6 3.6 14.8 25.0 8.9 15.2 8.5 
6 11.6 9.7 0.6 7.5 15.2 6.1 7.4 2.9 
7 5.1 5.3 0.5 2.3 7.1 3.8 2.2 0.5 
8 5.5 9.5 4.1 2.3 5.3 7.1 1.8 1.4 
9 10.2 13.7 4.3 4.9 9.9 7.7 4.4 2.0 
10 0.0 2.0 7.1 1.4 1.1 7.9 1.5 4.8 
11 2.0 0.0 5.6 3.4 4.9 5.7 4.0 5.7 
12 7.1 5.6 0.0 4.4 10.5 4.7 4.5 1.7 
13 1.4 3.4 4.4 0.0 1.4 3.7 0.0 1.4 
14 1.1 4.9 10.5 1.4 0.0 8.3 1.5 5.6 
15 7.9 5.7 4.7 3.7 8.3 0.0 4.3 2.5 
16 1.5 4.0 4.5 0.0 1.5 4.3 0.0 1.3 
17 4.8 5.7 1.7 1.4 5.6 2.5 1.3 0.0 
18 7.5 6.9 2.3 2.8 8.1 1.0 3.0 0.6 
19 3.1 1.7 1.2 2.5 6.4 4.1 2.7 2.2 
20 3.8 10.3 14.5 3.3 1.0 12.2 3.0 7.7 
21 4.4 4.2 1.5 1.3 5.5 1.5 1.5 0.2 
22 5.8 3.2 0.6 3.9 9.2 3.2 4.2 2.1 
23 7.4 9.4 1.8 3.5 8.6 5.8 3.1 0.9 
24 14.1 9.1 5.3 8.9 16.2 1.5 9.6 5.4 
25 6.9 8.0 3.9 2.1 6.3 1.7 2.2 0.6 
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Table 25 (continued) 
Clone 
18 19 20 
Clone 
21 22 23 24 25 
1 1.0 1.7 14.3 0.9 0.7 1.7 3.3 2.4 
2 3.6 0.8 16.4 2.4 0.3 3.7 5.4 5.8 
3 1.5 1.6 16.3 1.4 0.4 3.5 2.0 3.4 
4 0.7 5.2 7.3 1.2 4.8 2.3 5.5 0.0 
5 7.0 7.1 31.6 7.7 4.1 8.3 4.9 10.7 
6 3.0 3.4 19.2 3.0 1.9 2.2 5.3 4.9 
7 1.4 1.3 9.9 0.6 1.2 0.7 5.9 2.1 
8 3.4 5.0 5.4 2.6 5.8 0.8 11.9 2.3 
9 3.3 7.1 9.8 3.5 6.8 0.6 11.1 2.4 
10 7.5 3.1 3.8 4.4 5.8 7.4 14.1 6.9 
11 6.9 1.7 10.3 4.2 3.2 9.4 9.1 8.0 
12 2.3 1.2 14.5 1.5 0.6 1.8 5.3 3.9 
13 2.8 2.5 3.3 1.3 3.9 3.5 8.9 2.1 
14 8.1 6.4 1.0 5.5 9.2 8.6 16.2 6.3 
15 1.0 4.1 12.2 1.5 3.2 5.8 1.5 1.7 
16 3.0 2.7 3.0 1.5 4.2 3.1 9.6 2.2 
17 0.6 2.2 7.7 0.2 2.1 0.9 5.4 0.6 
18 0.0 3.2 10.8 0.5 2.3 2.1 2.7 0.5 
19 3.2 0.0 10.9 1.4 0.5 3.7 6.2 4.5 
20 10.8 10.9 0.0 8.4 14.2 9.9 21.7 7.8 
21 0.5 1,4 8.4 0.0 1.3 1.8 4.0 0.9 
22 2.3 0.5 14.2 1.3 0.0 3.5 3.8 4.1 
23 2.1 3.7 9.9 1.8 3.5 0.0 8.5 2.1 
24 2.7 6.2 21.7 4.0 3.8 8.5 0.0 4.8 
25 0.5 4.5 7.8 0.9 4.1 2.1 4.8 0.0 
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Table 26. Interclonal (distances)^ for Greenhouse I 
]lone 
I 2 3 4 
Clone 
5 6 7 8 9 
1 0.0 1.0 14.1 27.0 19,2 9.0 5.6 9.6 10.5 
2 1.0 0.0 10.3 26.5 12.7 5.5 4.9 7.8 6.5 
3 14.1 10.3 0.0 10.0 12.6 11.7 11.0 18.9 15.5 
4 27.0 26.5 10.0 0.0 44.6 39.2 15.9 26.8 30.3 
5 19.2 12.7 12.6 44.6 0.0 2.5 26.7 31.0 20.7 
6 9.0 5.5 11.7 39.2 2.5 0.0 18.8 23.6 16.9 
7 5.6 4.9 11.0 15.9 26.7 18.8 0.0 1.9 4.1 
8 9.6 7.8 18.9 26.8 31,0 23.6 1.9 0.0 1.7 
9 10.5 6.5 15.5 30,3 20.7 16.9 4.1 1.7 0.0 
10 3.1 5.8 13.6 15.5 31.1 18.9 4.4 10.9 15.1 
II 7.4 11.1 14.0 12.0 36.2 23.4 9.6 19.4 24.4 
12 6.5 4.0 2.3 17,0 8.1 4.6 9,2 16.2 12.9 
13 4.2 5.5 9.3 10.9 28.0 18.1 2.4 8.5 11.8 
14 11.0 12.9 14.5 8.2 42.2 31.2 3.8 9.6 15.6 
15 5.7 4.4 4,2 9,9 19.8 13.8 1.8 6.8 7.3 
16 8.1 7.2 2.2 6.8 19,4 13.8 6.1 14.2 14.4 
17 6.4 5.6 5,1 8,4 23.1 16.4 1.8 7.1 8.6 
18 18.4 19.1 8.1 1.2 38.3 30.8 II.9 22.7 26.3 
19 2.5 0.6 7.6 25.9 8,2 2.8 7.3 11.4 8.5 
20 20.4 24,6 33,5 20.4 67,6 51.9 10.1 13.3 23.7 
21 5.9 3.5 2,1 16.1 8.8 5.1 7.7 14.3 11.4 
22 9.3 5.9 6.5 29,6 3.0 1.0 16.8 23.5 17.4 
23 9.6 5.7 19.5 39,2 18.7 14,3 6.8 3.5 0.9 
24 15.0 16.4 8.0 3-3 35,1 26.6 12.1 23.5 27.0 
25 9.9 10.0 3.6 6.4 22,5 15.9 9.7 19.9 20.7 
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Table 26 (continued) 
Clone 
10 11 12 
Clone 
13 14 15 16 17 
1 3.1 7.4 6.5 4.2 11.0 5.7 8.1 6.4 
2 5.8 11.1 4.0 5.5 12.9 4.4 7.2 5.6 
3 13.6 14.0 2.3 9.3 14,5 4.2 2.2 5.1 
4 15.5 12.0 17.0 10.9 8.2 9.9 6.8 8.4 
5 31.1 36.2 8.1 28.0 42.2 19.8 19.4 23.1 
6 18.9 23.4 4.6 18.1 31.2 13.8 13.8 16.4 
7 4.4 9.6 9.2 2.4 3.8 1.8 6.1 1.8 
8 10.9 19.4 16.2 8.5 9.6 6.8 14.2 7.1 
9 15.1 24.4 12.9 11.8 15.6 7.3 14,4 8.6 
10 0.0 1.5 9.1 0.7 3.4 4.1 5.2 3.5 
11 1.5 0.0 10.8 2.4 4.6 6.8 5.2 5.7 
12 9.1 10.8 0.0 7.0 14.7 3.8 2.6 5.0 
13 0.7 2.4 7.0 0.0 2.0 1.6 2.7 1.1 
14 3.4 4.6 14.7 2.0 0.0 4.4 6.2 3.0 
15 4.1 6.8 3.8 1.6 4.4 0.0 1.4 0.1 
16 5.2 5.2 2.6 2.7 6.2 1.4 0.0 1.4 
17 3.5 5,7  5.0 1.1 3.0 0.1 1.4 0.0 
18 8.9 5.8 11.9 6.0 5.2 6.5 3.5 5.2 
19 7.9 12.3 2.0 7.1 15.8 4.9 6.3 6.4 
20 10.1 13.0 32.7 9.8 4.2 15.4 20.4 13.1 
21 8.2 10.2 0.1 6.0 13.2 2.9 2.2 4.0 
22 16.4 18.9 1.9 14.7 26.3 10.3 8.9 12.5 
23 17.2 27.6 14.3 14.9 20.8 10.6 18.3 12.4 
24 6.6 3.3 9.8 4.9 5.7 6.3 2.8 5.1 
25 5.7 4.0 3.9 3.9 7.6 3.6 0.6 3.4 
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Table 26 (continued) 
Clone Clone 
18 19 20 21 22 23 24 25 
1 18.4 2.5 20.4 5.9 9.3 9.6 15.0 9.9 
2 19.1 0.6 24.6 3.5 5.9 5.7 16.4 10.0 
3 8.1 7.6 33.5 2.1 6.5 19.5 8.0 3.6 
4 1.2 25.9 20.4 16.1 29.6 39.2 3.3 6.4 
5 38.3 8.2 67.6 8.8 3.0 18.7 35.1 22.5 
6 30.8 2.8 51.9 5.1 1.0 14.3 26.6 15.9 
7 11.9 7.3 10.1 7.7 16.8 6.8 12.1 9.7 
8 22.7 11.4 13.3 14.3 23.5 3.5 23.5 19.9 
9 26.3 8.5 23.7 11.4 17.4 0.9 27.0 20.7 
10 8.9 7.9 10.1 8.2 16.4 17.2 6.6 5.7 
11 5.8 12.3 13.0 10.2 18.9 27.6 3.3 4.0 
12 11.9 2.0 32.7 0.1 1.9 14.3 9.8 3.9 
13 6.0 7.1 9.8 6.0 14.7 14.9 4.9 3.9 
14 5.2 15.8 4.2 13.2 26.3 20.8 5.7 7.6 
15 6.5 4.9 15.4 2.9 10.3 10.6 6.3 3.6 
16 3.5 6.3 20.4 2.2 8.9 18.3 2.8 0.6 
17 5.2 6.4 13.1 4.0 12.5 12.4 5.1 3.4 
18 0.0 18.8 16.9 11.2 22.8 33.4 0.6 2.7 
19 18.8 0.0 30.6 1.8 2.7 7.8 15.9 8.7 
20 16.9 30.6 0.0 30.2 47.7 29.3 18.0 22.6 
21 11.2 1.8 30.2 0.0 2.5 12.9 9.4 3.7 
22 22.8 2.7 47.7 2.5 0.0 16.6 19.3 10.3 
23 33.4 7.8 29.3 12.9 16.6 0.0 32.9 24.9 
24 0.6 15.9 18.0 9.4 19.3 32.9 0.0 1.4 
25 2.7 8.7 22.6 3.7 10.3 24.9 1.4 0.0 
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Table 27. Interclonal (distances)^ for Greenhouse II 
]lone 
1 2 3 4 
Clone 
5 6 7 8 9 
1 0.0 0.6 2.7 7.1 6.6 2.0 4.5 5.9 7.5 
2 0.6 0.0 3.6 10.3 4.2 1.1 3.5 5.8 6.7 
3 2.7 3.6 0.0 2.6 4.6 2.5 6.0 9.8 6.2 
4 7.1 10.3 2.6 0.0 13.6 10.0 10.5 12.5 9.0 
5 6.6 4.2 4.6 13.6 0.0 1.8 6.6 13.5 7.7 
6 2.0 1.1 2.5 10.0 1.8 0.0 6.1 10.7 8.6 
7 4.5 3.5 6.0 10.5 6.6 6.1 0.0 1.4 0.9 
8 5.9 5.8 9.8 12.5 13.5 10.7 1.4 0.0 3.0 
9 7.5 6.7 6.2 9.0 7.7 8.6 0.9 3.0 0.0 
10 6.8 8.6 16.7 22,1 23.4 12.7 18.5 16.1 25.9 
11 11.2 13.1 22.4 29.3 28.6 16.6 26.6 24.7 35.5 
12 1.2 0.4 2.9 10.2 2.7 0.2 5.1 8.8 8.1 
13 10.1 13.1 20.9 24.6 30.6 17.9 23.9 20.1 31.6 
14 3.4 5.2 10.0 11.8 18.0 10.4 7.2 4.2 11.1 
15 1.2 1.8 2.4 5.1 7.0 3.9 1.7 2.6 3.1 
16 0.3 0.9 4.3 9.3 8.3 2.7 6.2 7.1 10.1 
17 1.5 1.6 1.0 4.8 3.8 2.0 2.2 5.0 3.1 
18 6.1 8.5 1.2 0.7 9.8 6.9 10.6 14.1 9.5 
19 0.7 1.6 6.1 10.5 10.8 4.6 6,0 5.6 10.2 
20 8.3 13.3 11.8 8.7 27.7 16.8 19.3 16.2 22.3 
21 1.0 0.4 5,3 12.8 5.7 1.5 6.2 8.4 10.5 
22 4.2 2.8 5.9 15.8 3.2 0.9 10.9 16.5 14.9 
23 13.3 12.2 9.3 .11.5 10.1 13.3 3.7 6.9 1.0 
24 2.5 4.2 8.3 13.0 14.5 6.2 13.0 12.9 18.3 
25 6.3 8.7 1.4 1.0 10.1 6.9 11.9 15.6 11.0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
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(continued) 
Clone 
10 11 12 13 14 15 16 17 
6.8 11.2 
8.6 13.1 
16.7 22.4 
22.1 29.3 
23.4 28.6 
12.7 16.6 
18.5 26.6 
16.1 24.7 
25.9 35.5 
0.0 1.0 
1.0 0.0 
10.2 14.1 
0.6 1.2 
4.9 10.2 
11.9 18.6 
4.5 8.2 
14.5 20.8 
21.4 27.6 
3.6 7.7 
8.2 12.1 
6.1 9.3 
12.3 14.4 
36.9 48.0 
1.7 3.5 
20.9 26.6 
1.2 10.1 
0.4 13.1 
2.9 20.9 
10.2 24.6 
2.7 30.6 
0.2 17.9 
5.1 23.9 
8.8 20.1 
8.1 31.6 
10.2 0.6 
14.1 1.2 
0.0 15.0 
15.0 0.0 
7.9 6.3 
3.0 15.7 
1.6 7.5 
1.8 19.1 
7.6 24.6 
2.9 6.2 
14.9 7.1 
0.6 10.2 
1.3 17.7 
13.3 43.6 
4.7 3.3 
7.6 23.9 
3.4 1.2 
5.2 1.8 
10.0 2.4 
11.8 5.1 
18.0 7.0 
10.4 3.9 
7.2 1.7 
4.2 2.6 
11.1 3.1 
4.9 11.9 
10.2 18.6 
7.9 3.0 
6.3 15.7 
0.0 3.7 
3.7 0,0 
3.0 2.4 
6.8 0.6 
13.2 5.2 
1.4 2.5 
5.7 10.0 
5.6 3.6 
14,0 8.1 
18.5 7.2 
4.2 6.6 
13.8 5.9 
0.3 1.5 
0.9 1.6 
4.3 1.0 
9.3 4.8 
8.3 3.8 
2.7 2.0 
6.2 2.2 
7.1 5.0 
10.1 3.1 
4.5 14.5 
8,2 20.8 
1.6 1.8 
7.5 19.1 
3.0 6.8 
2.4 0.6 
0.0 2.9 
2.9 0.0 
8.2 3.8 
0.3 3.8 
7.8 12.8 
0.7 3.4 
4.2 5.7 
17.0 6.5 
1.3 7.6 
8.1 4.3 
75 
Table 27 (continued) 
Clone 
18 19 20 
Clone 
21 22 23 24 25 
1 6.1 0.7 8.3 1.0 4.2 13.3 2.5 6.3 
2 8.5 1.6 13.3 0.4 2.8 12.2 4.2 8.7 
3 1.2 6.1 11.8 5.3 5.9 9.3 8.3 1.4 
4 0.7 10.5 8.7 12.8 15.8 11.5 13.0 1.0 
5 9.8 10.8 27.7 5.7 3.2 10.1 14.5 10.1 
6 6.9 4.6 16.8 1.5 0.9 13.3 6.2 6.9 
7 10.6 6.0 19.3 6.2 10.9 3.7 13.0 11.9 
8 14.1 5.6 16.2 8.4 16.5 6.9 12.9 15.6 
9 9.5 10.2 22.3 10.5 14.9 1.0 18.3 11.0 
10 21.4 3.6 8.2 6.1 12.3 36.9 1.7 20.9 
11 27.6 7.7 12.1 9.3 14.4 48.0 3.5 26.6 
12 7.6 2.9 14.9 0.6 1.3 13.3 4.7 7.6 
13 24.6 6.2 7.1 10.2 17.7 43.6 3.3 23.9 
14 13.2 1.4 5.7 5.6 14.0 18.5 4.2 13.8 
15 5.2 2.5 10.0 3.6 8.1 7.2 6.6 5.9 
16 8,2 0.3 7.8 0.7 4.2 17.0 1.3 8.1 
17 3.8 3.8 12.8 3.4 5.7 6.5 7.6 4.3 
18 0.0 10.1 10.5 10.5 11.4 12.1 11.7 0.1 
19 10.1 0.0 7.1 1.4 6.5 17.4 1.5 10.2 
20 10.5 7.1 0.0 13.0 20.5 30.4 5.8 10.2 
21 10.5 1.4 13.0 0.0 2.1 17.2 2.6 10.5 
22 11.4 6.5 20.5 2.1 0.0 20.8 6.5 11.0 
23 12.1 17.4 30.4 17.2 20.8 0.0 27.2 13.9 
24 11,7 1.5 5.8 2.6 6.5 27.2 0.0 11.1 
25 O.I 10.2 10.2 10.5 11.0 13.9 11.1 0.0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
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Environmental comparison of (distances)^ 
2 (Distance) from the environmental 
average for 
Growth Chambers Greenhouse I Greenhouse II 
0.98 3.67 0.06 
2.08 3.13 0.75 
1.54 4.92 2.17 
1.58 11.54 6.14 
7.91 18.93 6.39 
2.94 11.83 2.11 
0.39 2.33 3.96 
2.18 7,91 5.36 
3.34 8.65 6.50 
3.70 2.60 7.83 
3.79 4.92 12.71 
1.30 3.03 1.30 
1.11 0.99 11.26 
5.04 4.70 3.47 
2.18 0.34 0.81 
1.20 1.27 0.53 
0.22 0.50 1.03 
0.85 6.94 5.27 
1.08 3.58 1.01 
7.92 15.84 8.27 
0.07 2.30 1.39 
1.19 8.85 4.71 
1.53 11.22 11.92 
4.90 5.87 3.14 
1.22 2.97 5.50 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
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(continued) 
(Distance)^ from the origin for 
Growth Chambers Greenhouse I Greenhouse II 
107.02 273.08 120.27 
108.71 292.39 133.23 
107.63 259.03 144.00 
85.00 171.47 135.00 
145.14 376.50 180.29 
122.77 344.44 146,47 
97.34 248.53 156.29 
86.04 279.51 138.12 
100.92 312.63 170.91 
62.28 218.20 77.27 
74.93 193.37 71.87 
108.42 276.52 139.01 
69.72 219.06 64.17 
51.93 190.83 96.67 
88.21 241.88 132.36 
70.20 228.43 112.38 
89.48 230.55 144.29 
95.02 177.42 141.16 
91.28 299.00 106.67 
48.50 178.04 75.87 
88.46 273.88 124.83 
101.47 318.22 145.32 
100.90 337.28 195.01 
110.88 182.22 92.75 
86.60 215.36 138.71 
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Table 29. Hypothesis tests for multivariate analysis and the 
environmental regression analysis 
Test Description Statistic*' Critical value 
Test (1) H^; Distance from 
average equals il 8.00 
Test (2) H : Distance for 
each environ­
ment are equal 
max D 
ii 
min D ij 
3.00 
Test (3) H : Clone j is 
greater than 
the average 
(y^j) Ci"' (yj,) 
(y^) (y^) 
Positive or 
negative for 
each environ­
ment 
Test (4) H^: Intercept = 0 (y-gj x)/i 'V(y-B^ x) t (n-2) 
Test (5) H^: Slope = 1 (ij-l)/A(ij) t  (n-2) 
Test (6) H : Intercept = 0 
and slope = 1 
(y-x) //j Cy-x) t (n-2) 
Note; 
"ij' 
H  
r,-l 
'ij 
= squared distance between clone j and the overall 
average for environment i. 
= vector of averages for clone j, environment i. 
= overall average for environment i. 
= inverse of the pooled variance-covariance matrix for 
environment i. 
= y + (x-x^); model used for regression analysis. 
Figure 9. Flow chart for testing procedures and results of the study. 
Clones in parenthesis are average clones that were subjected 
to the same tests as the non-average clones 
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Are the clones close to the average? 
yes 
Average clones 
no 
Non-average clones 
Does test (3) have the same 
(1) 
yes sign for all environments? 
Are the clones stable over 
environments? test (2) Unstable 
no 
clones 
no 
yes 
direction of trend 
(regression analysis) 
tests (4), (5) and (6) 
Stable clones 
improves with 
improved environ­
ment I 
becomes poorer with 
improved environment 
Are the clones larger 
than the average? 
test (3) 
no yes (5) (4) 
9, 5 (12) 14, 20 (16) 
(7, 15, 17) 
(2) (3) 
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Table 30, Values of statistical tests used in the multivariate 
(distance)2 analysis. Test (1) is a test for closeness to 
overall average; test (2) is a test for stability, and test 
(3) is a test for determining if the clones are larger (+) 
or smaller (-) than the environmental averages 
Test 3 
Test Test Growth 
Clone (1) (2) Chambers Greenhouse I Greenhouse II 
1 4.71 61,17 + + + 
2 5.96 4.17 + + + 
3 8.63 3.19 + + + 
4 19.26 7.30 - - + 
5 33.23 2.96 + + + 
6 16.88 5.61 + + + 
7 6.68 10.15 + + + 
8 15.45 3.63 - + + 
9 18.49 2.59 + + + 
10 14.13 3.01 - - -
11 21.42 3.35 - - -
12 5.63 2.33 + + + 
13 13.36 11.37 - - -
14 13.21 1.45 - - -
15 3.33 6.41 + - + 
16 3.00 2.40 - - -
17 1.75 4.68 + - + 
18 13.06 8.16 + - + . 
19 5.67 3.54 + + -
20 32.03 2.00 - - -
21 3.76 32.86 + + + 
22 14.75 7.44 + + + 
23 24.67 7.79 + + + 
24 13.91 1.87 + - -
25 9.69 4.51 - - + 
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Table 31. Regression analysis for leaf dry weight in relation to the 
overall averages of the three environments 
Clone Intercept Slope R^ Test (4) Test (5) Test (6) 
1 19.89 0.85 0.412 0.3 -0.5 -0.7 
2 19.05 0.99 0.685 -0.5 -0.1 -1.8 
3 23.50 1.22 0.776 —0.6 1.3 1.8 
4 27.10 1.39 0.833 -0.7 2.4 4.4 
5 22.77 0.92 0.666 0.9 -0.5 1.3 
6 20.57 0.60 0.413 1.9 -2.1 -0.4 
7 25.67 1.57 0.627 -1.1 1.8 1.8 
8 28.56 1.50 0.798 -0.8 2.5 4.5 
9 31.66 1.56 0.852 -0.4 3.2 6.7 
10 13.06 0.48 0.410 0.9 -3.4 -5.8 
11 9.16 0.21 0.187 2.6 -8.4 -9.6 
12 20.32 0.74 0.619 1.4 -1.7 —0.8 
13 16.08 0.22 0.088 3.9 -5.3 -3.1 
14 20.03 1.31 0.700 -1.6 1.3 -0.7 
15 23.43 1.40 0.867 -2.0 2.7 1.8 
16 19.85 0.78 0.524 0.8 -1.1 -1.0 
17 24.14 1.19 0.821 -0.4 1.3 2.7 
18 24.07 1.24 0.848 —0.8 1.7 2.7 
19 18.17 1.00 0.672 —0.8 0.0 -2.4 
20 19.47 0.97 0.311 -0.0 -0.1 -0.4 
21 19.37 0.61 0.470 2.5 -2.8 -0.9 
22 16.82 0.47 0.476 2.4 -4.0 -3.3 
23 31,04 2.04 0.844 -2.5 4.4 4.0 
24 17.62 0.38 0.377 3.4 -4.7 -2.5 
25 23.13 1.10 0.757 -0.0 0.6 1.7 
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Table 32. Regression analysis for stem dry weight in relation to the 
overall averages of the three environments 
Clone Intercept Slope r2 Test (4) Test (5) Test (6) 
1 9.88 0.85 0.607 0.3 -0.8 -0.8 
2 9.54 0.89 0.804 -0.2 -1.0 -1.9 
3 14.49 1.35 0.890 -0.3 2.7 3.4 
4 15.98 1.59 0.913 -1.1 4.5 3.7 
5 13.51 1.05 0.852 1.5 0.4 3.3 
6 11.07 0.92 0.918 1.2 -1.2 0.1 
7 11.73 1.15 0.745 -0.5 0.8 0.6 
8 11.62 1.10 0.886 -0.4 0.9 0.9 
9 14.28 1.38 0.958 -1.1 4.9 4.0 
10 5.63 0.50 0.649 0.2 -5.2 -5.1 
11 4.87 0.28 0.430 2.8 -10.5 -5.6 
12 10.88 0.92 0.827 0.6 -0.7 -0.2 
13 7.29 0.43 0.478 2.9 —6.0 -3.4 
14 8.99 0.93 0.827 -1.0 -0.6 -2.7 
15 13.11 1.04 0.783 1.0 0.3 2.2 
16 10.23 0.89 0.717 0.3 —0.8 —0.8 
17 12.51 1.19 0.924 -0.6 2.1 2.2 
18 14.76 1.49 0.919 —1 «3 4.2 3.3 
19 9.21 0.84 0.768 -0.0 -1.3 -2.2 
20 8.29 1.12 0.652 -1.8 0.7 -2.0 
21 10.29 0.75 0.725 2.5 -2.5 -0.0 
22 10.15 0.79 0.770 1.1 -1.8 -1.1 
23 14.49 1.63 0.954 -3.3 6.6 2.8 
24 10.86 0.47 0.534 4.3 -4.5 -0.1 
25 14.19 1.46 0.896 -1.3 3.5 2.7 
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Table 33. Regression analysis for total height in relation to the 
overall averages of the three environments 
Clone Intercept Slope Test (4) Test (5) Test (6) 
1 108.86 0.82 0.814 1.7 -1.7 0.2 
2 114.06 0.97 0.957 1.3 -0.6 2.2 
3 124.91 1.17 0.950 -0.4 2.3 5.1 
4 114.29 1.10 0.941 —0.8 1.4 1.6 
5 139.89 1.22 0.933 0.6 2.6 8.0 
6 125.09 1.05 0.963 1.6 0.9 7.6 
7 115.00 1.09 0.808 -0.3 0.6 1.0 
8 110.41 1.06 0.935 —0.8 0,8 0.2 
9 124.03 1.25 0.973 -2.2 4.5 4.6 
10 86.57 0.76 0.839 0.3 —2.6 -6.0 
11 85.87 0.62 0.785 2.5 -5.5 -6.1 
12 119.35 1.06 0.947 0.4 0.9 3.9 
13 91-49 0.71 0.607 1.1 -2.4 -3.6 
14 90.49 0.97 0.889 -1.6 -0.4 —6.0 
15 113.87 1.04 0.983 -0.0 1.0 3.0 
16 104.94 1,07 0.920 -1.4 0.8 —1.6 
17 114.44 1.11 0.947 -1.0 1.6 1.7 
18 114.99 1.04 0.932 0.0 0.6 1.9 
19 108.04 0.94 0.819 0.3 -0.5 -0.4 
20 80.13 0.80 0.841 —0.8 -2.7 -9.6 
21 113,32 1,09 0.935 -0.7 1.5 2.4 
22 120.39 1.15 0.946 —0.8 2.1 3.6 
23 126.49 1.35 0.940 -2,2 3.9 3.6 
24 107.52 0.61 0.828 5.0 -5.2 -0.5 
25 113.97 1.10 0.960 -1.0 1.6 1.8 
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Non-average clones listed in order of increasing distance from 
the overall average were 3, 25, 18, 14, 13, 22, 24, 10, 8, 6, 9, 4, 11, 
23, 20 and 5 (Figure 9). Stable and unstable clones were identified 
by using test (3) and test (2) (Table 30). Stable clones must have 
the same sign for test (3) and test (2) must give a result greater than 
3.0. Stable clones were 5, 9, 14 and 20; unstable clones were 3, 4, 6, 
8, 10, 11, 13, 18, 22, 23, 24 and 25. Stable clones that were better 
than average had positive test (3) values; stable clones that were 
smaller than average had negative test (3) values. Tests (4), (5) and 
(6) are used to identify unstable clones that improve with improved 
environment and clones that become poorer with Improved environment. 
The final classes of clones were: average clones were 1, 2, 7, 12, 15, 
16, 17, 19 and 21; stable, better than average clones were 5 and 9; 
stable, poorer than average clones were 14 and 20; unstable, improves 
with environment clones were 3, 4, 8, 18, 23 and 25; unstable, becomes 
poorer with improved environment clones were 6, 10, 11, 13, 22 and 24. 
Discussion 
Field trial recommendations 
Short-term juvenile production of photosynthate is the trait most 
desired for the clones to be used in larger field trials. If distribu­
tion of the photosynthate does not change during the first few years 
of growth of these clones, selection can be based entirely on stem 
weight production. However, because distribution of photosynthate may 
change, total height growth of the clones must also be considered. 
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Therefore, recommendations for clones to be used In field trials must 
be based on both stem weight and total height. The leaf to stem ratio 
is also an important criterion for selection, but not as critical as the 
absolute value of the photosynthate produced. In these data, a trend 
of more favorable leaf/stem ratio is discernible for the faster growing 
clones. 
Thus, our initial selection of clones for field trials is based 
on ranking for the three environments with respect to total height and 
stem weight. This process results in the following clones recommended 
for field trials: 2, 3, 4, 5, 6, 7, 9, 12, 15, 17, 18, 22, 23 and 25. 
This type of selection scheme will separate those clones that grow well 
in height and stem weight under all three environments. Further 
screening must be done with respect to disease and insect resistance, 
and fiber quality to make the final selection of clones for use in 
intensive culture systems. 
Distance and environmental stability 
Distance and sensitivity analyses indicate that clones 1, 2, 7, 
12, 15, 16, 17, 19 and 21 were average. Clones 5 and 9 were stable 
across environments and larger than average. Clones 14 and 20 were stable 
and smaller than average. Clones 3, 4, 8, 18, 23 and 25 were unstable 
across environments and showed an increasing trend with improving 
environment. Clones 6, 10, 11, 13, 22 and 24 were unstable and showed 
a decreasing trend with improving environment. 
If test (1) is relaxed so that all clones become non-average clones. 
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then clone 12 was stable and larger than average, clone 16 was stable 
and smaller than average, clones 7, 15 and 17 were unstable and 
showed an increasing trend and clones 1, 2, 19 and 21 were unstable and 
showed a decreasing trend. 
By varying the critical value of test (1), one is able to subject 
all clones to the remaining tests in the analysis or to say with a 
higher but still unknown probability level that a subset of clones is 
non-average. How these tests are used will depend on the objectives of 
the experiment. Usually, the objective will be to select a small 
number of non-average clones from a large initial set. 
Selection for enzymatic studies 
This study also was used to select clones for use in a study to 
determine the feasibility of using enzyme characteristics as criteria 
for selecting Populus clones that exhibit rapid juvenile growth. 
Because the desire is to correlate enzyme expression with growth, clones 
of the same species composition should be used to avoid variation of 
enzyme expression between species. If clones of the same species 
composition are used, enzyme expression as correlated with growth rates 
will not be confounded by species differences. Clones included in this 
study that have the same species con^osltlon are: 
2" x euramericana 2 (19), 3, 13, 14, 15, 16, 17, 18, 19, 20 
2" betulafolia x jP« trichocarpa 21, 22 
deltoïdes x 2» trichocarpa 8, 9, 23 
P. candlcans s P. beroliaensls 5, 6 
V 
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To find out if rate of growth is correlated with quantitative 
measures of enzyme activity, clones with large, genetically-determined 
differences in growth rates should be used. If enzyme selection 
criteria are to be useful, a relatively close correlation must exist 
between growth rate and enzyme activity or isoenzyme expression or both. 
For this reason, it seemed desirable to choose three clones with a 
range of growth rates. The Populus x euramerlcana clones were chosen as 
the group from which a selection of three clones for detailed enzyme 
studies was made because of their larger within-group growth rate 
variation. 
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STUDY III 
Methods 
Tip cuttings from the three clones (5321, 5323 and 5326) selected 
for enzymatic studies in Study II were rooted under mist, potted in 
two-gallon plastic pots containing a Jiffy-Mix Perlite (3:1) artificial 
substrate, and grown in the greenhouse for S %eeks from October 20 to 
December 15. The photoperiod was 18 hours, part of which was artificial 
light; tençerature was variable with the thermostat set at 21° C. The 
clones were fertilized weekly with a water-soluble commercial fertili­
zer (20-20-20) plus an added micronutrient solution. 
Oae plant from each clone was harvested every two weeks, starting 
at age zero (rooted cutting) to obtain plant material for peroxidase 
analyses. The last three expanding intemodes and the first three 
mature intemodes, determined by serial length measurements on the 
leaves to determine the first mature leaf (Larson and Isebrands, 1974), 
were lyophilized, ground to pass the 20-mesh screen of a Wiley mill, 
and stored at -5° C until the peroxidase analyses could be performed. 
Fifty mg of lyophilized intemode were ground in a Duall 
homogenizer with 2 ml of extraction buffer (0.05 M Tris-HCl, pH 7.4, 
0.1 M sucrose) and the resulting homogenate was centrifuged at low 
speed for 10 minutes. Total peroxidase activity was determined as in 
Study I, and total peroxidase activity in units per gram dry weight was 
defined as: 
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A Absorbance, g -/Min. 
units/gram dry weight = 
11.3 X 0.0025 grams/3 ml reaction mixture 
The weight of lyophllized material represented by 0.1 ml of supernatant 
was 0.0023 g. 
Vertical-slab acrylamlde gel electrophoresis of the extracts was 
done as in Study I. In one electrophoresis cell, the gel slots were 
loaded with an equal amount of the supernatant (0.1 ml). In another 
electrophoresis cell, the gel slots were loaded with an amount of the 
supernatant corresponding to 0.075 units of total peroxidase activity. 
Thus, all slots received a varying aaiount of the supernatant but equal 
activity as determined by total peroxidase activity present in the 
enzyme extract. The electrophoresis of enzyme extracts containing 
equal total peroxidase activity was performed to detect differences in 
relative amounts of Isoenzymes or relative changes in isoenzyme groups. 
Gels were stained by the method of Brewbaker e^ (1968) and 
stored overnight in plastic bags containing 7 percent acetic acid. The 
gels were photographed and scanned the next day using a GCA/McPherson, 
Model EU-701 spectrophotometer with attached gel-scanner. The gels 
were cut into strips corresponding to individual slots and floated in 
5 percent glycerin before being scanned. This treatment, as well as the 
use of glass slides on each side of the gel, reduced surface noise 
during scanning to an acceptable level. 
All electrophoresis runs were toward the anode because it was 
determined in a preliminary study that these three clones (5321, 5323 
91 
and 5326) contained no cathodic peroxidases. This was determined by 
making several acid-gel cathodic runs using the lyophilized intemodal 
material collected for this study. The cathodic runs were in 7.5 
percent acrylamide, 0.1 percent N, N, N', N'-tetramethylethylenediamine 
(TMED) in a 0.05 M tris-acetic acid buffer, pH 5.0. The gel solution 
was polymerized with 0.3 ml of 1 percent ammonium persulfate plus 5.0 ml 
of 1 percent sodium sulfite per 300 ml of gel solution. The electrode 
buffer was 0.025 M tris-acetic acid, pH 4.5. The gel was run at a 
maximum of 250 volts and gels stained as in Study I. The lack of 
cathodic peroxidase was supported by the lack of staining in the upper 
portion of the slots in the anodic rmts. 
The gel-scan diagrams were separated into three regions for 
analysis (Figure 10). The regions were region-1 (R^'s 0.25 to Û.35), 
reglon-2 (R^'s 0.35 to 0.45) and region-3 (R^'s 0.50 to 0.70). Region-1 
consisted of one or two isoperoxidases, region-2 consisted of one 
isoperoxidase, and region-3 consisted of two to five isoperoxidases. 
Division of the peroxidase zymograms into isoperoxidase groupings was 
done to aid analysis. Isoperoxidases In the three different regions 
always could be Identified as different isoenzyme groups, whereas 
within region-3, the separation of isoperoxidases was not always great 
enough to identify discrete isoenzymes. 
Preliminary work with gel-scan diagrams indicated that the area 
under the curve and peak height of the three regions were both 
correlated quite well with the concentration of enzyme extract loaded 
in the slots during electrophoresis. The simple correlation coefficient 
Figure 10. Gel-scan diagrams showing two examples of gel-scans and 
the three regions the gel-scans were divided into for 
analysis. The top figure represents clone 5323, age 4 
weeks and the bottom figure represents clone 5321, age 8 
weeks 
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(r) between area and concentration was 0.94 and between peak height and 
concentration was 0.90. Because of the higher correlation between area 
and concentration, area under the curves for the three regions of the 
gel-scan diagrams was the variable used In much of the data analysis as 
a quantitative measure of Isoenzyme activity. 
A randomized conçlete block design was used for this study. 
Greenhouse location and harvest times were assigned randomly to the 
plants. The experiment was blocked on repetitions because each electro­
phoresis run consisted of one-half of a repetition; that Is, all clones 
and all harvest times for either mature or expanding Internodes. The 
blocking was done in this manner to reduce the error from differences 
among electrophoresis runs. 
The total peroxidase activity data and the peak height and peak 
area data were subjected to univariate analysis of variance and multi­
variate canonical correlation analysis. 
Results 
The data were divided into four subsets for analyses: 1) expanding 
internodes, equal amount of enzyme extract; 2) expanding internodes, 
equal activity of enzyme extract; 3) mature internodes, equal amount of 
enzyme extract; 4) mature internodes, equal activity of enzyme extract. 
F values from analysis of variance of total peroxidase activity 
and area and height data from the gel-scans for the four data subsets 
showed many statistically significant differences with respect to 
block (replication), clone, age and clone-age interaction (Tables 34, 
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35, 36 and 37). Significant block effects were an indication of the 
variability between electrophoresis runs. 
Total peroxidase activity showed some differences between mature 
and expanding internodes, even though these differences were not 
statistically significant (Table 38). When total peroxidase activities 
were pooled over all clones and all ages, mature internodes had an 
average total peroxidase activity of 1.15 units per gram dry weight 
and expanding internodes had an average total peroxidase activity of 
1.22 units per gram dry weight. Expanding internodes, then, had higher 
total peroxidase activity than mature internodes. Clone 5323 had 
higher total peroxidase activities in expanding, as compared to mature, 
internodes for all harvest times, and clones 5321 and 5326 had equal or 
higher total peroxidase activities in expanding, as compared to mature, 
internodes for three out of the five harvest times. 
Total peroxidase activity (corrected for block effects) showed a 
decrease in relation to age up to 4 weeks and then became fairly 
constant for expanding internodes of all three clones (Figure 11). The 
same trend occurred for 5321 and 5326 in the mature internodes, whereas 
5323 showed a more gradual decrease in total peroxidase activity in 
relation to age (Figure 12). The relative positions of the clones with 
respect to total peroxidase activity changed markedly from 0 to 8 weeks. 
At 0 weeks, 5323 had the lowest total peroxidase activity and 5321 had 
the highest total peroxidase activity; at 8 weeks, the reverse was true. 
This change in relative positions occurred before the fourth week. 
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Table 34. F values from ANOVA of expanding internodes, equal amount of 
enzyme extract applied to gel slots in electrophoresis 
Effects 
Variable Block Clone Age Clone - Age 
Total peroxidase 
activity 2.65* 0.59 11.02** 0.57 
Area-1 2.00 8.75** 56.77** 8.12** 
Area-2 8.76** 12.44** 2.56* 0.92 
Area-3 5.69** 8.07** 4.85** 0.82 
Height-1 3.25* 5.36** 44.05** 3.09* 
Height-2 28.44** 9.95** 10.01** 1.35 
Height-3 8.10** 2.42 7.87** 0.33 
*Significant at 5% probability level. 
**Significant at 1% probability level. 
97 
Table 35. F values from ANOVA of expanding internodes, equal activity 
of enzyme extract applied to gel slots in electrophoresis 
Effects 
Variable Block Clone Age Clone - Age 
Area-1 4.09** 4.88** 33.75** 6.04** . 
Area-2 25.35** 9.01** 6.14** 1.95 
Area-3 7.86** 5.14** 0.67 0.21 
Height-1 6.78** 5.48** 24.66** 4.75** 
Height-2 36.17** 8.36** 6.50** 4.25** 
Height-3 9.04** 0.59 1.03 0.23 
*Significant at 5% probability level. 
**Significant at 1% probability level. 
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Table 36, F values from ANOVA of mature intemodes, equal amount of 
enzyme extract applied to gel slots in electrophoresis 
Effects 
Variable Block Clone Age Clone - Age 
Total peroxidase 
activity 1.54 0.89 13.36** 3.20** 
Area-1 2.34 11.98** 18.97** 5.14** 
Area-2 12.72** 0.04 5.19** 1.47 
Area-3 13.36** 5.87** 17.05** 1.49 
Height-1 2.60* 5.76** 12.25** 2.63* 
Height-2 14.72** 0.03 1.94 0.49 
Height-3 8.87** 8.83** 16.05** 1.00 
*Significant at 5% probability level. 
**Significant at 1% probability level. 
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Table 37. F values from ANOVA of mature Internodes, equal activity 
of enzyme extract applied to gel slots in electrophoresis 
Effects 
Variable Block Clone Age Clone - Age 
Area-1 4.76** 17.73** 12.25** 8.61** 
Area-2 6.69** 13.30** 1 = 93 3.12** 
Area-3 6.76** 8.44** 3.50* 0.59 
Height-1 5.07** 19.30** 9.85** 8.73** 
Height-2 11.14** 19.40** 1.84 3.06** 
Height-3 15.42** 1.69 3.46* 1.36 
*Significant at 5% probability level. 
**Significant at 1% probability level. 
Table 
Clone 
5321 
5321 
5321 
5321 
5321 
5323 
5323-
5323 
5323 
5323 
5326 
5326 
5326 
5326 
5326 
100 
Total peroxidase activity (units/gram dry weight) of mature 
and expanding internodes in relation to clone and age 
Total peroxidase activity 
Age (weeks) Mature Expanding 
0 1.81 1.81 
2 1.50 1.28 
4 0.90 0.87 
6 0.84 0.93 
8 0.79 0.88 
0 1.12 1.50 
2 1.15 1.33 
4 1.11 1.15 
6 1.03 1.07 
8 1.02 1.10 
0 1.52 1.79 
2 1.41 1.41 
4 1.05 1.10 
6 0.84 0.99 
8 1.09 1.03 
Figure 11. Total peroxidase activity of expanding internodes in 
relation to clone and age (corrected for block effects) 
TOTAL CORRECTED PEROXIDASE ACTIVITY - UNITS/GRAM 
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Figure 12. Total peroxidase activity of mature internodes in relation 
to clone and age (corrected for block effects) 
TOTAL CORRECTED PEROXIDASE, ACTIVITY - UNITS/GRAM 
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Figure 13. Peroxidase zymograms for all repetitions of the study in 
relation to clone and age; harvest number Indicates are: 
1=0 weeks, 2-2 weeks, 3=4 weeks, 4=6 weeks and 
5=8 weeks. 
EQUAL AMOUNT 
EXPANDING MATURE 
HARVEST 
CLONE 
REP 1 
REP 2 
REP3 
REP 4 
EQUAL ACTIVITY 
EXPANDING MATURE 
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Table 
Clone 
5321 
5321 
5321 
5321 
5321 
5323 
5323 
5323 
5323 
5323 
5326 
5326 
5326 
5326 
5326 
Values of measurements made on gel-scan diagrams of expanding internodes, equal 
amount of enzyme extract In relation to clone and age 
Area (cm^) Height (.'cm) 
Age (weeks) Area-1 Area-2 Area-3 Helght-1 Helght-2 Height-3 
0 1.35 3 . 2 9  8.97 2.22 4.40 4.32 
2 0.45 3.87 7.29 0.76 3.92 3.54 
4 0.57 3.72 6.06 0.92 5.06 3.12 
6 0.64 3.87 6.06 1.06 5.24 3.02 
8 0.58 3.94 4.97 1.40 5.66 2.80 
0 2.58 3.81 7.94 3.70 5.52 4.16 
2 0.64 5.03 5.29 0.98 5.04 2.70 
4 0.64 5.61 7.81 1.06 5.58 3.08 
6 0.77 5.06 6.67 1.46 5.52 2.86 
8 0.79 4.34 5.78 1.86 5.58 2.62 
0 3.82 2.97 6.97 4.00 4.58 4.24 
2 1.10 2.95 3.90 1.20 3,26 2.70 
4 0.32 3.83 4.31 0.76 4.62 2.36 
6 0.39 3.73 4.14 0.78 5.20 2.24 
8 0.61 4,03 4.05 1.18 5.34 2.40 
Table 40. Values of measurements made on gel-scan diagrams of expanding; Internodes, equal 
activity of enzyme extract In relation to clone and age 
Area (cm?) Height (cm) 
Clone Age (weeks) Area-1 Area-2 Area-3 Height-1 Height-2 Height-3 
5321 0 0.81 2,26 4.62 1.56 3.66 2.52 
5321 2 0.26 2.71 4.19 0.54 3.20 2.60 
5321 4 0.48 3.91 5.17 0.96 5.50 2.76 
5321 6 0.71 4.99 4.63 1.46 6.70 2.24 
5321 8 0.52 5.07 4.98 1.46 8.00 2.44 
5323 0 2.37 3.50 6.19 3.78 5.86 3.22 
5323 2 0.39 5.03 5.51 1.12 6.50 2.60 
5323 4 0.46 5.37 5.75 1.30 6.96 3.02 
5323 6 0.49 4.68 4.83 1.38 6.58 2.44 
5323 8 0.63 5.12 5.17 1.76 7.26 2.58 
5326 0 2.76 2.99 4.65 4.34 5.58 3.10 
5326 2 0.71 3.47 3.33 1.22 5.00 2.50 
5326 4 0.32 4,06 4.18 0.94 5.98 2.46 
5326 6 0.31 3.48 3.68 0.78 5.38 2.38 
5326 8 0.50 3.50 3.56 0.98 5.02 2.32 
Table 41. Values of measurements made on gel-scan diagrams of mature Internodes, equal amount 
of enzyme extract in relation to clone and age 
Area (cm^) Height (cm) 
Clone Age (weeks) Area-1 Area-2 Area-3 Height-1 Height-2 Height-3 
5321 0 1.75 3.84 10.49 2.80 5.28 5.06 
5321 2 1.19 4.50 9.03 1.40 5.62 4.40 
5321 4 0.58 2.77 5.02 1.34 4.64 3.00 
5321 6 0.63 3.19 4.52 1.42 4.90 2.68 
5321 8 0.80 3.19 5.20 1.72 4.85 3.08 
5323 0 1.97 3.25 7.42 2.84 5.04 3.56 
5323 2 1.20 3.70 5.88 1.76 5.16 2.74 
5323 4 0.88 3.52 5.16 1.74 4.96 2.54 
5323 6 0.80 3.35 4,88 1.74 4.70 2.30 
5323 8 1.23 4.00 5.41 2.34 5.32 2.50 
5326 0 3.03 3.34 8.28 3.60 4.80 4.72 
5326 2 3.82 5.06 5.81 3.48 5.76 3.52 
5326 4 0.94 2.97 3.73 1.64 4.36 2.44 
5326 6 0.49 3.11 3.90 1.22 4,98 2.56 
5326 8 1,10 3.26 4.30 2.16 5.10 3.00 
Table 42. Values of measurements made on gel-scan diagrams of mature internodes, equal 
activity of enzyme extract in relation to clone and age 
2 
Area (cm ) Height (cm) 
Clone Age (weeks) Area-1 Area-2 Area-3 Height-1 Height-2 Height-
5321 0 0.83 2.13 4.98 1.76 3.82 3.18 
5321 2 0.67 2.80 4.55 0.96 4.84 2.84 
5321 4 0.55 2.87 4.40 1.42 5.44 2.90 
5321 6 0.66 3.66 3.91 1.70 6.62 2.82 
5321 8 0.83 4,18 4.09 2.10 7.32 2.94 
5323 0 2.13 3.88 5.43 3.24 6.30 3.58 
5323 2 0.97 3.92 3.95 1.76 6.78 2.36 
5323 4 0.90 3.97 4.30 2.08 7.00 2.60 
5323 6 0.98 4.10 4.65 2.30 7.02 2.68 
5323 8 1,34 4.26 4,17 3.12 7.28 2.52 
5326 0 3.11 2.79 4.54 4.16 4.80 3.36 
5326 2 3.99 4.10 3.60 3.66 5.90 3.02 
5326 4 0.88 2.37 2.90 1.90 4.14 1.90 
5326 6 0.65 2.49 2.65 1.52 4.06 1.50 
5326 8 0.68 2.35 3.19 1.64 3.94 2.74 
Ill 
Peroxidase zymograms for all repetitions of this study did not 
show the strong qualitative changes that were evident In Study I 
(Figure 13), 
Peak area and height measurements made on the gel-scan diagrams 
are presented in Tables 39, 40, 41 and 42. Area values for the three 
gel regions were corrected for block effects and plotted In relation to 
clone and age (Figures 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 and 
25). 
Region-1 peroxidases showed some similar trends for all clones and 
for both mature and expanding intemodes (Figures 14, 15, 16 and 17). 
They showed a rather rapid decrease in area up to 4 weeks of age and 
after that, region-1 peroxidases remained constant or Increased slightly. 
Clone 5326 showed an initial increase of region-1 peroxidases, and then 
a sharp decrease in region-1 peroxidase in mature intemodes (Figures 
16 and 17). Initially (age 0 weeks), 5326 had the greatest amount of 
peroxidase in region-1, followed by 5323 and then 5321; at the final 
harvest time (age 8 weeks), 5323 had the greatest value for area-1. 
General trends for region-2 peroxidases were not as well defined 
as the trends for region-1 peroxidases (Figures 18, 19, 20 and 21). 
There was perhaps a slight increase of region-2 peroxidases with age. 
With one exception (expanding Intemodes, equal activity of enzyme 
extract, age 6 weeks), 5323 had the greatest reglon-2 peroxidases for 
the last three harvest times. Region-2 peroxidases of clone 5323 
remained high throughout the entire growth period for expanding intemodes 
(Figures 18 and 19). 
Figure 14. Area of region-1 peroxidases from gel-scan diagrams of 
expanding intemodes (equal activity of enzyme extract) in 
relation to clone and age (corrected for block effects) 
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Figure 15. Area of region-1 peroxidases from gel-scan diagrams of 
expanding Internodes (equal amount of enzyme extract) In 
relation to clone and age (corrected for block effects) 
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Figure 16. Area of reglon-1 peroxidases from gel-scan diagrams of 
mature Internodes (equal amount of enzyme extract) In 
relation to clone and age (corrected for block effects) 
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Figure 17, Area of region-1 peroxidases from gel-scan diagrams of 
mature internodes (equal activity of enzyme extract) in 
relation to clone and age (corrected for block effects) 
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Figure 18. Area of region-2 peroxidases from gel-scan diagrams of 
expanding Internodes (equal amount of enzyme extract) in 
relation to clone and age (corrected for block effects) 
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Figure 19. Area of region-2 peroxidases from gel-scan diagrams of 
expanding internodes (equal activity of enzyme extract) in 
relation to clone and age (corrected for block effects) 
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Figure 20. Area of reglon-2 peroxidases from gel-scan diagrams of 
mature Internodes (equal amount of enzyme extract) In 
relation to clone and age (corrected for block effects) 
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Figure 21. Area of region-2 peroxidases from gel^scan diagrams of 
mature Internodes (equal activity of enzyme extract) in 
relation to clone and age (corrected for block effects) 
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Reglott-3 peroxidases showed a decreasing trend In relation to age 
(Figures 22, 23, 24 and 25). Clone 5323 had the greatest quantity of 
region-3 peroxidases for the last three harvest times for both mature 
and expanding Intemodes. Clone 5323 had the greatest region-3 
peroxidases for the entire growth period In expanding Intemodes, equal 
activity of enzyme extract. 
Canonical multivariate analyses were performed on the areas under 
the curves of the three regions for variation due to clone and variation 
due to clone-age Interaction, for both equal amount and equal activity 
of enzyme extract (Tables 43, 44, 45 and 46). This was done to Identify 
which regional areas (region-l expanding, reglon-2 expanding, reglon-3 
expanding, region-1 mature, reglon-2 mature and reglon-3 mature) 
contributed most to the variation; that is, which area measurements were 
the best to use in explaining differences between clones and differences 
between clone-age interactions. By looking at the first canonical 
variable, which explains most of the variation and by looking at the 
characteristic vectors and the correlation coefficients between the 
canonical variable and the dependent variable simultaneously, area-1 
expanding and area-2 mature were the dependent variables that contributed 
the most information in the distinction of clones and clone-age inter­
actions for both equal amount and equal activity of enzyme extracts 
(Tables 43, 44, 45 and 46). 
Figure 22, Area of region-3 peroxidases from gel-scan diagrams of 
expanding internodes (equal amount of enzyme extract) in 
relation to clone and age (corrected for block effects) 
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Figure 23. Area of reglon-3 peroxidases from gel-scan diagrams of 
expanding internodes (equal activity of enzyme exitract) in 
relation to clone and age (corrected for block effects) 
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Figure 24. Area of region-3 peroxidases from gel-scan diagrams of 
mature internodes (equal amount of enzyme extract) in 
relation to clone and age (corrected for block effects) 
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Figure 25. Area of reglon-3 peroxidases from gel-scan diagrams of 
mature Iriternodes (equal activity of enzyme extract) in 
relation to clone and age (corrected for block effects) 
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Table 43. Characteristic roots and vectors of canonical multivariate analysis of the variation 
due to clone - time interaction of the areas under the gel-scan diagrams (equal 
activity of enzyme extract) and the correlation coefficients between each canonical 
variable and the dependent variables (areas) 
Normalized characteristic 
vectors and correlation coefficients 
Canonical 
variable no. 
Characteristic 
root 
Percent of 
variation 
Area-1 
expanding r 
Area-2 
expanding r 
Area-3 
expanding r 
1 2.058 68.25 0.99 0.51 0.34 0.24 -0.18 0.05 
2 0.504 16.70 1.83 0.78 -0.38 -0.15 -0.03 0.10 
3 0.380 12.59 0.29 0.18 0.54 0.59 0.02 0.21 
4 0.053 1.77 -0.02 0.01 0.69 0.43 -0.49 -0.21 
5 0.019 0.63 -0.17 -0.10 -0.06 -0.23 -0.00 0.01 
6 0.002 0.06 -0.31 0.29 0.05 0.58 0.41 0.95 
Table 43 (continued) 
Normalized characteristic 
vectors and correlation coefficients 
Canonical Area-1 Area-2 Area-3 
variable no. mature r mature r mature r 
1 0.78 0.72 0.50 0.44 -0.17 0.09 
2 -0.46 -0.27 -0.29 -0.20 0.18 0.15 
3 -0.80 -0.58 0.58 0.05 -0.41 -0.32 
4 0.00 -0.07 -0.52 -0.29 0.67 0.32 
5 "0.46 -0.14 0.62 0.80 0.46 0.75 
6 0.19 0.23 -0.25 -0.17 0.23 0.45 
Table 44. Characteristic roots and vectors of canonical multivariate analysis of the variation 
due to clone-time Interaction of the areas under the gel-scan diagrams (equal amount 
of enzyme extract) and the correlation coefficients between each canonical variable and 
the dependent variables (areas) 
Normalized characteristic 
vectors and correlation coefficients 
Canonical Characteristic Percent of Area-1 Area-2 Area-3 
variable no. root variation expanding r expanding r expanding r 
1 2.909 72.24 2.41 0.57 -0.25 -0.11 -0.28 -0.06 
2 0.711 17.66 -1.03 -0.34 -0.14 -0.17 0.16 -0.05 
3 0.282 7.00 0.47 0.63 0.05 0.20 0.20 0.58 
4 0.099 2.46 0.22 -0.18 -0.94 -0.77 0.12 -0.09 
5 0.022 0.55 0.21 —0.01 0.12 0.55 0.18 0.52 
6 0.004 0.10 -0.27 0.35 -0.30 -0.14 0.32 0.61 
Table 44 (continued) 
Normalized characteristic 
vectors and correlation coefficients 
Canonical Area-1 Area-2 Area-3 
variable no. mature r mature r mature r 
1 0.33 0.34 0.67 -0.01 -0.48 -0.12 
2 1.06 0.72 0.43 0.46 -0.16 0.08 
3 -0.08 0.24 0.13 0.43 0.34 0.74 
4 -0.67 -0,29 0.48 0.22 —0.08 0.13 
5 -0.44 -0.45 0.74 0.21 -0.39 -0.50 
6 0.30 0.15 -0,64 -0.71 -0.04 -0.40 
Table 45. Characteristic roots and vectors of canonical multivariate analysis of the variation 
due to clone of the areas under the gel-scan diagrams (equal amount of enzyme extract) 
and the correlation coefficients between each canonical variable and the dependent 
variables 
Normalized characteristic 
vectors and correlation coefficients 
Canonical Characteristic Percent of Area-1 Area-2 Area-3 
variable no. root variation expanding r expanding r expanding 
1 
2 
3.055 
0.418 
87.95 
12.05 
-2.03 -0.30 0.16 0.10 0.35 0.28 
0.35 0.27 0.87 0.99 0.05 0.35 
Table 45 (continued) 
Normalized characteristic 
vectors and correlation coefficients 
Canonical Area-1 Area-2 Area-3 
variable no. mature r mature r mature 
1 
2 
-0.50 
-0.06 
-0.37 -0.69 
-0.18 0.09 
-0.01 0.54 0.25 
0.04 —0.06 "0.20 
Table 46. Characteristic roots and vectors of canonical multivariate analysis of the variation 
due to clone of the areas under the gel-scan diagrams (equal activity of enzyme extract) 
and the correlation coefficients between each canonical variable and the dependent 
variables 
Normalized characteristic 
vectors and correlation coefficients 
Canonical Characteristic Percent of Area-1 Area-2 
variable no. root variation expanding r expanding r expanding 
1 
2 
1.558 
0.736 
67.91 
32.09 
-0.63 -0.17 0.35 0.35 0.11 0.35 
0.68 0.42 0.48 0.43 -0.08 0.18 
Table 46 (continued) 
Normalized characteristic 
vectors and correlation coefficients 
Canonical Area-1 Area-2 Area-3 
variable no. mature r mature r mature 
1 -0.85 -0.52 0.56 0.43 0.24 0.44 
2 0.55 0.54 0.75 0.50 -0.36 -0.02 
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Discussion 
The objective of this study was to see If any changes In perox­
idase activity and/or expression paralleled the previously established 
differences in the growth rates of these three clones (5321, 5323 and 
5326). The growth responses of these clones in several controlled 
environments were determined in Study II. Clone 5323 grew fastest, 
followed by clone 5326 and then clone 5321= Ideally, enzymatic 
selection techniques would be performed without any additional infor­
mation about the growth rates of the set of clones from ^ Ich the 
selection was being made. More realistically, it is hoped that 
enzymatic selection techniques would help reduce a large set of clones 
to a subset that could be further screened using other more expensive 
and cumbersome criteria, such as controlled environment growth studies, 
rates of photosynthesis, and disease and insect resistance studies. 
At the time of this writing, it has not been determined if 
controlled-environment studies of clonal growth rates can be used as 
predictors of growth in the field. If growth under conditions of 
controlled environment does not predict field growth, enzymatic 
analyses for growth prediction will have to be performed on field 
grown material. Also, it is not known if short term juvenile growth 
rates will continue to be expressed over longer rotations; that is, 
whether the growth rates of Populus clones change relative to each other 
from growing season to growing season. These questions must be 
answered before enzymatic analysis for clonal selection will play a 
large role in the selection of plant material for intensive fiber 
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production. 
That expanding internodes had a higher total peroxidase activity 
than nature internodes was an Indication that peroxidase is involved 
in some role during cell division and elongation as suggested by Van 
Fleet (1959). That these differences were not large can be attributed 
to the closeness and anatomical similarity of the mature and expanding 
intemcde tissue in the plant (Larson and Isebrands, 1974). The lack of 
consistency of this relationship for all clone-age combinations can 
probably be attributed to errors in determination of the first mature 
leaf. 
The plots of total peroxidase activity by clone and age showed 
significant differences with respect to clone and clone-age interactions. 
Initially (age 0 weeks), clone 5323 had the lowest total peroxidase 
activity and 5321 had the highest total peroxidase activity. At this 
time the rooted cuttings, still under mist, were not growing in height 
or initiating new leaves. All clones were thus using most of the photo-
synthate they produced, as well as reserve foods, for root growth and 
development. At 4 weeks of age, the clones had changed positions 
relative to each other in total peroxidase activity, and they maintained 
this order throughout the remainder of the growth period. The change in 
relative position in relation to total peroxidase activity occurred as 
the clones resumed rapid height grovth and rapid initiation of new 
leaves. This relationship suggests that peroxidases may function as a 
component of a dual control mechanism. Under conditions of little or no 
top growth, total peroxidase activity was highest in the slowest growing 
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clone. Under conditions that promoted rapid top growth, total peroxidase 
activity was highest for the fastest growing clone. It also seemed that 
total peroxidase activity changed least with time in the fastest growing 
clone (5323), during the transition from no top growth to rapid top 
growth. 
The overall trend of less total peroxidase activity with Increasing 
age can probably be attributed to an increasing proportion of mature 
xylem in the stem. Histochemical staining of free-hand cross-sections 
of the intemodes for peroxidases using the methods of Van Fleet (1959) 
showed that peroxidase activity was concentrated in the phloem and the 
Immature xylem elements. This agrees with the observation of Van Fleet 
(1959) that peroxidases are formed either during or preceedlng cell 
division. Pith tissue contained no peroxidase activity in the mature 
intemodes and showed only slight coloration in the expanding Intemodes. 
Canonical analyses showed that region-1 peroxidases (R^ 0.25 - 0.35) 
were most important in explaining differences between clones and 
differences between clone-age interactions. This was the same isoper-
oxidase region that eachibited strong qualitative changes in response to 
photoperiodlcally-lnduced growth differences in Study I. The changes 
were not as apparent in this study, probably because the differences 
in growth rate between the three clones were not as great as the 
photoperiodlcally-lnduced growth rate differences. The differences 
among clones in region-1 of the peroxidase zymograms were not in the 
same direction as the photoperiodlcally-lnduced changes in growth rates. 
The latter were accompanied by an increase of region-1 peroxidases with 
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reduced growth rate, whereas clonal differences in growth rates were 
accompanied by a decrease In region-1 peroxidases for the slower growing 
clones. This can be at least partially accounted for if one considers 
that plant condition under the 12-hour photoperiod in Study I was similar 
to the condition of the clones in Study II at week 0. In both Instances, 
apical growth was slow or non-existent. This was not a perfect relation­
ship because 3323 did not contain the lowest amount of region-1 
peroxidases for the first harvest time. Thus, under conditions of little 
or no top growth and development, high reglon-1 peroxidase indicated 
low growth potential for a clone; under conditions of rapid top growth 
and development, high reglon-1 peroxidase indicated high growth potential 
for a clone. 
Region-2 and reglon-3 peroxidases were almost always greatest for 
5323 at the last three harvest times. Part of this trend can be 
attributed to the greater total peroxidase activity for 5323 at these 
harvest times, but the equal activity gels also showed this trend. 
Canonical analyses indicated that these regions were not as important 
contributors to differences in clones as reglon-1 peroxidases. The trend 
of higher total peroxidase activity, greater areas in all three gel 
regions for both equal amount of enzyme extract and equal activity of 
enzyme extract, however, seemed to indicate some similarity of function 
in relation to growth rates for all three regions of the zymograms. 
The general relationship between peroxidase activity and isoenzyme 
expression and growth rate for clones growing under favorable conditions 
seems to be that the greater the total peroxidase activity, the greater 
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the growth rate; or, the greater the growth rate, the greater the total 
peroxidase activity and, additionally, the greater the activity in all 
peroxidase Isoenzymes. In histochemlcal studies, peroxidase was formed 
before or accompanying cell division (Van Fleet, 1959). By staining 
fresh free-hand sections of the intemodes used in this study, it was 
determined that peroxidase activity was greatest in the phloem and the 
immature xylem cells. These histochemlcal observations, the observed 
relationship of more peroxidase, more growth, and the probability 
that peroxidase or some peroxidases are active in the oxidation of 
lndole-3-acetlc acid (lAA) (Galston and Davles, 1969) suggest that the 
oxidized form of lAA is the growth active form (Meudt and Stecker, 1972). 
Additional information about substrate specificity and which isoperox-
Idases are involved in the oxidation of lAA is needed, however, to 
prove or disprove the preceeding statement. 
If a clone is growing rapidly, cell division is rapid and at any 
one time a greater number of cells are being llgnlfied. Harkln and Obst 
(1973) have presented evidence indicating exclusive peroxidase partici­
pation in lignification. This is in accord with the positive correlation 
between high peroxidase activity and high growth rate. 
In summary, photoperiodically-Induced growth differences were 
paralleled by differences in total peroxidase activity and isoenzyme 
expression. In addition, established differences in clonal growth 
differences were paralleled by differences in total peroxidase activity 
and Isoenzyme expression. Large differences in growth rates between 
12- and 18-hour photoperlods were paralleled by large differences in 
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Isoenzyme expression of stem material. Smaller clonal differences in 
growth rates were paralleled by smaller differences In both total 
peroxidase activity and isoenzyme expression. If peroxidase analyses 
are used for clonal selection, care must be used in selecting the plant 
material; these results suggest that expanding intemodes from actively 
growing plant material should be used. Under these conditions, high 
peroxidase activity Indicated high potential growth rates. Because leaf 
peroxidases showed no correlation to growth rates, stem peroxidases are 
better predictors of growth potential than are leaf peroxidases. 
From these studies, it appears that peroxidase analyses can be used 
as a tool in the selection of rapidly growing Populus clones. This 
selection technique should probably not be used as the only criterion for 
selection. It should be used in conjunction with other selection Indices 
such as photosynthetic rate, disease and insect resistance, controlled 
environment growth studies. 
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